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1 .  INTRODUCTION 


1.1  Study  Objectives 

This  report  describes  the  results  of  study  undertaken  at  AER  to  identify 
and  implement  a  state-of-the-art  nonlinear  retrieval  approach  to  characterize 
line  of  sight  variability  of  atmospheric  thermal  and  constituent  environ¬ 
ments.  This  path  characterization  capability  is  designed  to  interface  with 
«  the  existing  Geophysics  Laboratory  (GL)  line-by-line  radiance/transmittance 

code,  FASCODE. 

Military  and  commercial  endeavors  have  become  increasingly  reliant  on 
sophisticated  electro-optical  communications  and  sensor  systems  operating  in 
both  active  and  passive  modes  throughout  the  electromagnetic  spectrum.  Such 
systems  enhance  the  effectiveness  of  decision  makers  to  obtain  timely  and 
accurate  meteorological,  environmental,  ecological,  and  military  data  upon 
which  to  formulate  and  execute  operational  plans.  Since  the  atmospheric  path 
is  an  integral  component  of  these  electro-optical  systems,  adverse  environ¬ 
mental  effects  can  seriously  degrade  their  reliability.  Therefore,  optimum 
design  and  deployment  of  such  systems  requires  the  capability  to  simulate  and 
predict  the  impact  of  the  intrinsic  variability  of  factors  affecting  the  line 
of  sight  propagation  paths  over  which  they  operate.  Fundamental  among  the 
factors  affecting  path  characterization  are  those  thermodynamic  and  composi¬ 
tional  parameters  which  determine  the  optical  properties  of  the  path  such  as 
temperature,  pressure  (density),  and  the  abundances  of  relevant  absorbing 
gases  and  scattering  aerosols.  Furthermore,  it  is  desired  to  systematically 
evaluate  the  degree  of  success  potentially  achievable  in  the  characterizar ion 
of  relevant  path  parameters  from  acquired  sensor  data  sets.  Comprehensive 
error  analysis  provides  the  formalism  necessary  to  accomplish  this  evaluation. 

1.2  Implementation  Approach 

We  have  divided  the  path  characterization  procedure  into  a  few  definable 
steps  (Isaacs,  1988).  Sensor  design  first  requires  the  ability  to  select 
channel  sets  which  will  provide  data  with  the  potential  to  measure  changes  in 
the  desired  path  parameters.  To  provide  a  first-look  opportunity  to  identify 
potentially  fruitful  spectral  regions  for  sensor  channel  placement  in  the 
sensor  design  process,  we  have  developed  a  simple  screening  algorithm.  This 
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preprocessing  step  uses  a  simple  model  of  atmospheric  transmittance  for  model 
atmospheres  to  locate  optically  thick  spectral  regions  for  the  species  of 
concern  to  the  user.  Once  candidate  sensor  channels  are  selected  it  is 
necessary  to  simulate  representative  data  sets  for  the  hypothetical  instrument 
concept.  This  capability  is  called  data  simulation  or  the  forward  problem. 

The  availability  of  state-of-the-art  line-by-line  data  and  radiative  transfer 
codes  (such  as  FASCODE)  enables  users  to  calculate  high  resolution,  spectrally 
dependent  transmittances  and  radiances  over  broad  spectral  ranges  by  defining 
the  relevant  thermodynamic  and  compositional  properties  of  a  specific  line  of 
sight  path.  In  this  manner,  sensor  operation  can  be  simulated  and  synthetic 
data  calculated  for  a  variety  of  environmental  scenarios.  Thus,  the 
capability  exists  to  answer  the  question:  !'How  will  the  sensor  respond  to  a 
given  variation  in  the  character  of  the  path?" 

An  equally  valid  and  perhaps  more  challenging  question  constitutes  the 
so-called  inverse  or  retrieval  problem.  Given  spectrally  dependent  transmit¬ 
tance  or  emittance  (i.e.,  radiance)  data  obtained  for  a  specified  path  (e.g. 
it  could  be  obtained  using  a  forward  problem  simulation  or  actual  sensor 
data) ,  what  can  be  said  about  the  variability  of  its  thermodynamic  and  compo¬ 
sitional  properties?  The  mathematical  formalisms  applicable  to  treating  this 
question  are  described  by  a  variety  of  extant  path  characterization  retrieval 
approaches.  In  particular,  our  study  of  potential  nonlinear  retrieval  schemes 
with  the  mix  of  flexibility  and  robustness  for  implementation  with  the  GL 
forward  problem  models  has  identified  a  simple  physical  least  squares  (PLS) 
approach . 

Finally,  there  is  the  problem  of  providing  statistically  appropriate  path 
characterization  retrieval  accuracy  assessment  indices.  One  must  consider  the 
problem  of  retrieval  design,  implementation,  and  evaluation  from  a  systems 
perspective  (Peckham  and  Flower,  1983).  The  retrieval  code  per  se  does  not 
choose  the  optimum  set  of  frequencies  to  obtain  a  sounding  of  a  particular 
path,  nor  does  it  generally  evaluate  the  accuracy  of  results,  i.e.,  the 
retrieval  algorithm  is  only  one  submodule  of  the  overall  inversion  system. 
Recognizing  these  factors,  error  analysis  assessment  must  be  combined  with  the 
forward  problem  and  retrieval  capabilities  to  provide  a  complete  path 
characterization  system. 
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The  path  characterization  approach  is  summarized  in  Figure  1-1. 
Identified  are  the  major  path  characterization  program  elements  described 
above  including:  (a)  the  spectral  screening  procedure  for  channel 
identification,  (b)  the  data  simulation  to  assess  path  sampling 
characteristics  and  provide  the  forward  problem  model  generator  for  the  PLS 
retrieval,  (c)  the  PLS  retrieval  algorithm,  and  (d)  the  error  analysis  to 
diagnose  retrieval  accuracy. 


Figure  1-1.  Path  characterization  concept. 
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1 . 3  Overview  of  Report 

The  report  is  divided  into  nine  sections  and  five  appendices .  Following 
this  introduction  is  a  review  of  retrieval  techniques  relevant  to  the  path 
characterization  problem  (Section  2) .  This  review  was  undertaken  to  determine 
an  appropriate  approach  for  implementation  with  the  FASCODE  forward  problem 
algorithm.  Based  on  this  review,  we  have  selected  a  physical  least  squares 
(PLS)  approach.  Section  3  describes  a  preprocessing  algorithm  developed  to 
aid  the  user  in  screening  for  spectral  regions  which  should  prove  fruitful  for 
further  detailed  analysis  with  the  path  characterization  retrieval  code.  A 
comprehensive  description  of  the  theory  employed  in  the  implementation  of  the 
PLS  retrieval  code  is  described  in  Section  4.  The  retrieval  error  analysis 
capability  is  described  in  Section  5.  In  addition  to  the  error  analysis 
approach  employed,  examples  are  provided.  Section  6  contains  application  of 
the  path  characterization  retrieval  to  two  test  cases.  A  comprehensive 
program  description  including  flow  charts  of  the  path  characterization 
algorithm  is  provided  in  Section  7.  Conclusions  and  recommendations  are  given 
in  Section  8.  Finally,  references  are  provided  in  Section  9. 

The  main  body  of  the  text  is  supplemented  by  four  related  appendices . 
These  include:  (a)  screening  algorithm  output,  (b)  user  instructions,  (c) 
test  case  input,  and  (d)  test  case  output.  This  is  followed  an  appendix  (e) 
related  to  publications  and  presentations  associated  with  this  research. 

2.  PATH  CHARACTERIZATION  REVIEW 

2 . 1  The  Forward  Problem 

Given  a  set  of  data  acquisition  requirements  (usually  stated  in  terms  of 
desired  path  characteristics) ,  a  procedure  is  required  to  identify  instru¬ 
mental  spectral  response  regions  with  sufficient  signal  to  discern  variations 
in  the  desired  parameters.  We  call  this  procedure  spectral  screening.  Once 
channels  are  selected,  one  would  like  to  be  able  to  simulate  sensor  data  in 
order  to  investigate  its  sensitivity  to  changes  in  the  path  parameters. 

Sensor  data,  i.e.  the  system  measurements,  are  in  reality  complicated  mathe¬ 
matical  convolution  integrals  involving  the  desired  path  characterization 
parameters  and  the  system  instrumental  response  function.  The  form  of  these 
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relationships  between  data  and  desired  parameters  is  expressed  by  the 
radiative  transfer  equation  (RTE) . 

2.1.1  Spectral  Screening 

Practical  sensor  channel  selection  is  intuitive  and,  perhaps,  something 

* 

of  an  art.  One  has  to  be  aware  of  the  possible  spectral  regions  applicable  to 
the  retrieval  of  each  desired  parameter,  of  interferences  from  absorption 
*.  features  from  other  perhaps  irrelevant  species,  and  of  the  potential  effects 

of  continuum  extinction  due  to  aerosol  scattering  which  may  reduce  or  mask  the 
desired  signal.  The  process  is  most  often  iterative. 

The  basic  tool  for  channel  selection  via  spectral  screening  is  one  of  the 
available  spectral  line  parameter  compilations .  To  insure  that  a  particular 
path  parameter  significantly  affects  the  path  optical  properties,  we  may 
require  that  the  line  strength  is  greater  than  a  threshold  value.  Using  the 
graphical  line  strength  data  catalog  of  Park  et  al.  (1981),  for  example,  this 
can  be  done  visually,  including  an  assessment  of  potential  interferences  from 
other  absorbing  species.  In  order  to  include  the  characteristics  of  the  path 
including  absorber  concentrations  and  the  temperature  and  pressure  dependences 
of  absorption  line  parameters  in  the  screening  procedure,  however,  a  more 
detailed  procedure  is  required.  This  can  be  implemented  using  a  computerized 
algorithm  which  uses  a  data  base  of  spectrally  averaged  line  strengths  and 
halfwidths  (computed  off-line  using  a  suitable  averaging  increment,  say 
0.5  cm  together  with  atmospheric  model  profiles  of  temperature  and  absorber 
amounts  to  provide  the  characteristics  of  selected  paths.  The  spectral  data 
are  modified  to  account  for  line  strength,  temperature  dependence,  and  pres¬ 
sure  and  temperature  dependence  of  halfwidths.  These  data  sets  are  then 
combined  using  an  appropriate  simple  band  model  to  calculate  path  optical 

# 

depths  which  are  then  screened  using  a  critical  optical  depth  criterion  to 
insure  sufficient  signal.  The  procedure  is  performed  for  all  absorbers 
*  present  to  identify  potential  interferences.  The  result  of  the  spectral 

screening  is  the  identification  of  suitable  wavenumber  regions  to  measure  the 
desired  path  parameters. 

The  screening  procedure  provides  a  zeroth  order  channel  selection  which 
is  refined  using  sensitivity  analyses  performed  with  the  forward  problem 
simulator.  Sensitivity  analyses  based  on  signal  to  noise  criteria  allow  one 
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to  optimally  select  the  channels  needed  to  infer  the  desired  path  para¬ 
meters.  In  general,  the  ability  to  infer  a  change  in  a  parameter  of  magni¬ 
tude  6p  will  depend  on  the  detection  of  a  measurable  change  in  the  signal  of 
magnitude  Sd  in  one  or  more  of  the  sensor  channels.  These  changes  are  related 
through  the  forward  problem  described  below. 

2.1.2  The  Exact  Forward  Problem 

The  dependence  of  remotely- sensed  data  on  desired  atmospheric  parameters 
(i.e.,  the  forward  problem)  can  be  stated  rigorously  in  terms  of  an  appropri¬ 
ate  solution  to  the  radiative  transfer  equation.  Stated  generally,  the  sensor 
incident  radiance,  R^(0,po),  in  the  ith  sensor  channel  (with  characteristic 
wavenumber,  v ^  for  look  angle  6)  is  given  by  Goody  (1964). 


Po 


Ri(*.  Po)  “  Ri(*.  Pb)  ri(*.Pb)  +  /  S(p)  ^  7i(0,p)  dp 

Pb 


(2.1) 


where  R^p^)  is  the  radiance  emerging  from  a  boundary  at  pressure  p^,  r^fl.p) 
is  the  mean  atmospheric  transmittance  evaluated  from  level  p  to  pQ  along  look 
angle  6,  and  S(p)  is  the  source  function  of  emitted  and/or  scattered  radiance 
at  level  p  in  the  atmosphere.  Here,  pQ  is  the  pressure  at  the  path  starting 
point.  Usually  p^  is  a  physical  boundary  such  as  the  Earth's  surface  or  the 
top  of  a  cloud. 

The  atmospheric  transmittance  r^(8, p)  consists  of  contributions  by  lines, 
rj j,  the  continua,  r^c,  and  particulate  extinction, 

ri(fl,p)  -  rjj(0,p)  ric(0,p)  rie(0,p). 

The  contribution  due  to  n  discrete  absorption  lines  is 

j^seci  s 
l  6  n 

where  <f> ^  is  the  response  (i.e.,  filter)  function  of  the  ith  sensor  channel, 
kn(v,p,T)  is  the  absorption  coefficient  for  the  nth  line,  and  qn(p)  is  the 
mixing  ratio  profile  of  the  absorbing  gas  contributing  to  the  jith  line.  The 


»‘if(^.P) 


^i(v)  exp 


J  M^.P'  .T(p'  )  ]  qn(p')  dp' 
Po 


di / 


(2.3) 


(2.2) 
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absorption  coefficient  depends  on  an  assumed  spectral  line  shape  (Goody,  1984) 
and  an  appropriate  set  of  absorption  line  parameters  such  as  the  AFGL  line 
parameter  data  set  (Rothman  et  al.,  1983;  Rothman  et  al.,  1987;  Poynter  and 
Pickett,  1980;  Poynter  and  Pickett,  1984).  Much  of  the  inaccuracy  in  calcu¬ 
lating  the  forward  problem  may  be  traced  to  uncertainties  in  the  line  shape 
and  in  determining  some  of  these  parameters.  Existing  line-by-line  techniques 
to  evaluate  Eq.  (2.3)  include  the  NASA  model  and  the  AFGL  FASCODE  algorithm 
(Susskind  et  al.,  1983;  Clough  et  al.,  1981;  Clough  et  al.,  1986). 

Continua  contributions  to  total  transmittance,  r^c,  include  the  col¬ 
lision-induced  absorption  by  nitrogen  and  oxygen  (Rinsland  et  al.,  1989; 
Kneizys  et  al.,  1980;  Vodar  and  Vu,  1963)  and  water  vapor  continua  throughout 
much  of  the  spectrum  (Clough  et  al.,  1989;  Clough  et  al.,  1980;  Clough  et  al., 
1981;  Burch  and  Gryvnak,  1980;  Liebe,  1980). 

Particulate  transmittance,  r^e,  includes  the  effect  of  Mie  scattering 
(Van  deHulst,  1957;  Diermendj ian,  1969)  of  aerosols  and  cloud  in  the  visible 
and  infrared  (Shettle  and  Fenn,  1979),  and  of  cloud  and  rain  in  the  infrared 
and  millimeter/microwave  regions  (Diermendj ian,  1975;  Falcone  et  al.,  1979). 

The  specific  forms  of  R^(p^),  r^(0,p),  and  S(p)  in  Eq.  (2.1)  above  will 
vary  from  one  spectral  region  to  another  due  to  the  wavelength  dependence  of 
atmospheric  scattering  and  absorption  processes.  Consequently,  the  choice  of 
observational  wavelengths  provides  a  means  to  focus  selectively  on  particular 
meteorological  parameters.  Table  2-1  summarizes  the  features  of  boundary  and 
atmospheric  source  functions,  R^(p^)  and  S(p),  respectively,  in  different 
wavelength  regions  (Isaacs  et  al.,  1986). 


In  Eq.  (2.1)  the  scattering  source  function  contribution  to  the  total 
source  function  (see  Table  2-1)  is  given  by  the  product  of  the  single 
scattering  albedo  w^(p) ,  i.e.,  the  local  ratio  of  total  scattering  to  total 
extinction,  and  the  scattering  source  function  J^(p,fi)  defined  by 


J1(P,0) 


1_ 

4jt 


Pi(p,Q,n')  R^p.O')  dfi' 


(2.4) 


where  P^  is  the  angular  scattering  function  and  R^(p,0')  is  the  value  of  the 
local  radiance  field  (Chandrasekhar,  1960).  Angular  scattering  (e.g.,  phase) 
functions  have  been  evaluated  for  aerosol  in  the  visible  and  infrared  (Ridgway 
et  al.,  1982);  cloud  in  the  infrared  (Yamamoto  et  al.,  1971);  and 
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Table  2-1  Radiative  source  functions.  Forms  of  boundary,  R^(Pb),  and  atmo¬ 
spheric,  S(p) ,  contributions  to  sensor- incident  radiances,  Rj^fl). 


Spectral  Region  Boundary,  R^(p^) 


Source  Function,  S(p) 


[1]  Ultraviolet/visible 
(A  <  0.7  pm) 

[2]  Near  infrared 
0.7  <  A  <  4.0) 


*Fi  ^i<no)  ri  <*o-Pb> 

irFipi(Q)ri(tf0,pb) 

+  £iBi[T(Pb) ] 


[3]  Infrared 

(4.0  <  A  <  100  pm) 


HBitKPb)] 

+  (1-Ci)  RiMpb) 


[4]  Millimeter/microwave 
(A  >  100  pm) 


e i®i (T(Pb) 1 
+  (l-£i)  R^(Pb) 


«i(p)  Jj/p.O) 


[l-«i(p)]  B. [T(p) ] 
+  wi(p)Ji(p,Q) 

+  (!-£*)  R^p*,) 
(note  I) 

Bi[T(p)] 

(note  2) 


H-wi(p)]  B[T(p) ] 
+wj_(p)  Ji(p,n) 
(note  3) 


Legend 

F^  solar  irradiance 

P ^  bidirectional  reflectance  of  boundary 

sun/sensor  reflection  angle,  solar  zenith  angle 

boundary  emissivity 
single  scattering  albedo 
R^l  downward  atmospheric  flux 

B,  Planck  function  (thermal  source  function) 

J(p,Q)  scattering  source  function  for  scattering  angle  fl 


Notes : 

(1)  Assumes  scattering  by  aerosol  or  cloud. 

(2)  Assumes  no  scattering,  if  scattering,  same  as  [2]. 

(3)  Assumes  scattering  by  precipitation;  if  no  scattering,  same  as  [3]. 

precipitation  in  the  microwave  (Savage,  1978;  Isaacs  et  al.,  1988).  Since  the 
scattering  source  function  depends  on  the  local  radiance  field  a  numerical 
solution  is  required  (Lenoble,  1985). 


Parameters  determining  the  radiometric  properties  of  the  boundary 
(temperature,  emissivity,  albedo)  and  those  related  to  these  properties  (e.g., 
surface  wind  over  the  ocean  and  soil  moisture  over  land  in  the  microwave 
region)  may  be  inferred  directly  from  the  first  term  in  Eq .  (2.1)  if  the 
atmospheric  contributions  from  the  second  term  are  negligible  or  can  be 
subtracted  away.  Spectral  regions  satisfying  these  criteria  are  commonly 
referred  to  as  atmospheric  transmission  "windows".  Window  spectral  regions 
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are  summarized  in  Table  2-2  (Fraser  and  Curran,  1976).  In  addition  to  s  irface 
related  information,  imaging  wavelengths  also  provide  a  means  to  observe  the 
influence  of  atmospheric  scatterers  such  as  aerosol,  cloud,  and  precipitation 
(depending  on  spectral  region)  on  sensor  incident  radiances.  In  this  case 
contributions  from  the  second  term  in  the  r.h.s.  ofEq.  (2.2)  are  no  longer 
negligible.  Parameters  potentially  observable  in  this  manner  include  cloud 
optical  depth  at  visible  wavelengths  and  cloud  liquid  water  content  and  rain¬ 
fall  rate  in  the  millimeter/microwave  regions. 

In  spectral  regions  where  scattering  can  be  ignored  (i.e.,  =  0.0),  the 

wavelength  dependence  of  transmissivity  can  be  exploited  as  a  means  to  sound 
the  atmosphere's  vertical  structure  (Kaplan,  1959).  Assuming  unit  surface 
emissivity  (£^  -  1.0)  and  choosing  spectral  regions  with  a  single  active  ab¬ 
sorber,  Eqs .  (2.1)  and  (2.3)  may  be  combined  using  Table  2-1  to  yield  the 
following  retrieval  equation  for  nadir  viewing: 


Table  2-2  Transmission  windows.  Major  atmospheric  windows  available  for 
spacecraft  remote  sensing  (Fraser  and  Curran,  1976)  . 


Spectral  Region 

Windows 

Microwave 

20.0+  nun 

7.5-11.5 

3.0-3.75 

2.06-2.22 

Thermal  Infrared 

17.0-22.0  /im 

10.2-12.4 

8. 0-9. 2 

Mid- Infrared 

4. 5-5.0 

3.5-4.16 

Near- Infrared 

2.05-2.4 

1.55-1.75 

1.19-1.34 

1.0-1.12 

Ultraviolet  and  Visible 

0.77-0.91 

0.30-0.75 
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(2.5) 


Ri(<?>Po)  "  Bi[T(pb)]  ri(S’Pb) 


*  o 

‘f 


(T(p) ]  q(p) 


P 

i>P)  exP^  | 


q(p')  k(»/1,p')dp' ]dp 


For  uniformly  mixed  gases  such  as  CO2  or  O2 ,  q(p)  is  assumed  to  be 
constant,  and  Eq.  (2.5)  may  be  used  to  obtain  the  temperature  profile,  T(p) . 
Conversely,  given  the  temperature  profile,  a  mixing  ratio  profile  (such  as 
that  of  H2O,  for  example)  may  be  obtained.  Applicable  temperature  sounding 
wavelengths  and  corresponding  species  are  summarized  in  Table  2-3. 


Table  2-3  Sounding  wavelengths  and  species 


Visible 


Near  IR 


Middle  IR 


Thermal  IR 


co2-h2o 


0.6  fim 


0.16  cm 
(183  GH  ) 

1.35  cm 
(22.235  GH_) 
0.25  cm 
(118  GHZ) 

0.5  cm 
(60  GHZ) 


Microwave 


2.1.3  Rapid  Algorithms 


Rapid  transmittance  algorithms  are  devices  to  reduce  computer  usage  time 
when  many  retrieval  scenarios  are  desired  and  the  channel  set  and  desired  path 
are  well  defined  (McMillin  and  Fleming,  1976;  Fleming  and  McMillin,  1977; 
McMillin  et  al.,  1979;  Susskind  et  al.,  1982;  Eyre  and  Woolf,  1989).  In 
circumstances  when  the  user  wishes  to  obtain  many  retrieval  simulations 
obtained  under  a  variety  of  environmental  conditions,  the  use  of  a  line-by¬ 
line  code  as  the  forward  problem  simulator  may  not  be  the  most  efficient 
approach.  This  would  be  the  case,  for  example,  when  the  sensor  channel  set 
has  been  selected,  and  it  is  desired  to  obtain  statistics  to  evaluate  the 
dependence  of  retrieval  accuracy  on  regional  or  seasonal  meteorology.  Once 
sensor  channels  and  particular  paths  are  selected,  line-by-line  (LBL)  calcula¬ 
tions  can  be  avoided  by  parameterizing  layer  transmittance  as  functions  of 
path  related  temperature  and  constituent  abundances.  These  parameterizations 
are  derived  based  on  and  calibrated  by  the  LBL  transmittance  calculations. 

The  rapid  algorithm  reproduces  the  required  channel  transmittances ,  including 
their  dependence  on  the  important  path  variables  such  as  temperature  and 
constituent  abundances  to  a  desired  accuracy.  Given  an  analytical  form  of  the 
approximate  transmittance  model,  LBL  calculations  are  used  both  to  generate 
empirical  coefficients  and  to  verify  the  model. 


For  example,  a  rapid  algorithm  was  developed  at  NASA  Goddard  Space  Flight 
Center  to  provide  accurate  simulations  of  the  radiances  from  the  HIRS2 
infrared  temperature  and  moisture  sounder  (Susskind  et  al.,  1982).  The 
averaged  discrete  line  transmittance,  r through  the  atmosphere  from 
pressure  p  to  pressure  p^  along  a  given  atmospheric  path,  at  a  zenith  6  as 
seen  by  channel  i,  is  modeled  as: 


ru(«.p) 


i 

j*l  TiF(pj,pj-l’^TiO(pj’Pj-l’e)  TiW(pj  ,pj-l,9) 


(2.6) 


where  r^p,  r£0’  and  r^y  represent  models  for  effective  layer  transmittances 
from  pressure  pj  to  Pj.1(pj  >  Pj.^)  at  zenith  angle  9.  The  term  ?iF 
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represents  absorption  by  gases  assumed  to  have  a  fixed  mixing  ratio,  while  r^Q 
and  7^y  represent  absorption  due  to  ozone  and  water  vapor,  respectively. 

Most  of  the  absorption  for  the  HIRS2  temperature  sounding  channels  is  due 
to  the  gases  of  fixed  distribution,  primarily  CO2  and  N2O.  In  these  cases, 
transmittance  at  a  given  angle  depends  only  on  the  temperature  profile.  The 
model  for  mean  layer  transmittance  due  to  gases  of  fixed  distribution  for  each 
reference  angle  is  given  by: 


riF<Pj  »Pj-l»tf)  "  Aij(*)  +  Bij(0) 


Tj  -  Tj 


Cij«9) 


Tij(*)-Tjj(*) 


(2.7) 


where  Tj  is  the  mean  temperature  in  the  layer  j,  between  pj  and  Pj.^.  for  the 
temperature  profile  under  consideration,  T?  is  the  mean  temperature  in  layer  j 
in  a  standard  temperature  profile,  and  Tjj  and  Tjj  are  effective  mean  tempera¬ 
tures  for  the  entire  profile  from  pj  to  the  top  of  the  atmosphere  for  the 
temperature  profile  under  consideration  and  the  standard  temperature  profile, 
respectively.  The  effective  mean  temperature  above  pressure  p  for  channel  i 
is  defined  as  the  average  temperature  above  pressure  p  weighted  by  the 
weighting  function  for  channel  i.  The  effective  temperature  is  then  channel 
and  angle  dependent  and  is  defined  as: 


TijOO 


1 

l-rj(pj,«) 


dr  i 

T(P)  <*)  dp 


(2.8) 


where  rj(p,0)  is  the  transmittance  of  channel  i  for  the  standard  temperature 
profile.  The  coefficients  Ajj(0),  Bjj(0),  and  C^j(^)  are  determined  sc  as  to 
give  the  best  fit  in  the  least  squares  sense  to  the  values  of  r^p  obtained 
from  LBL  calculations.  Similar  expressions  are  used  to  obtain  layer  transmit- 
tances  due  to  water  vapor  and  ozone. 

A  rapid  algorithm  generator  has  not  been  provided  as  part  of  the  path 
characterization  effort;  however,  any  appropriate  band  model  can  be  adopted 
for  this  purpose. 
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2.2  The  Inverse  Problem 


The  fundamental  retrieval  problem  may  be  stated  as  follows:  given  a  set 
of  measurements  of  the  radiation  emitted,  scattered,  and/or  reflected  from  the 
earth- atmosphere  system  what  can  be  deduced  about  the  physical  state  of  this 
system?  There  are  many  individual  retrieval  methods.  However,  a  recurrent 
theme  of  the  many  comprehensive  reviews  available  (Westwater  and  Strand,  1972; 
Rodgers,  1976;  Towmey,  1977;  Fymat  and  Zuev,  1978)  is  the  conceptual  unity 
among  apparently  diverse  approaches.  This  is  due  to  the  fact  that  these 
approaches  all  share  the  same  general  underlying  mathematical  problem. 

Stated  symbolically,  we  obtain  radiance  data  d  j  ,  j  -  1....M  which  are  the 
sum  of  an  unknown  error,  tj  and  a  contribution  Fj  which  depends  on  the  ther¬ 
modynamic  and  compositional  parameters  of  interest,  p^,  i  «  1,...N.  That  is, 


dj  "  Fj(pl’  P2>---PN)  +  €j  j  -  1....M. 


(2.9) 


The  Fj  are  known  as  mapping  functions.  The  retrieval  problem  is:  given  the 
dj ,  determine  the  p^.  For  the  problem  at  hand  the  Fj  are  determined  by  the 
wavelength  dependent  radiative  transfer  processes,  including  absorption,  emis¬ 
sion  and  scattering  by  the  atmosphere,  by  clouds  and  by  the  surface.  The 
desired  parameters  p^  include  atmospheric  temperatures  T(p),  surface  tempera¬ 
ture  Ts,  surface  pressure  ps,  and  relevant  gaseous  absorber  amounts  q(p) .  For 
the  purpose  of  discussion  consider  a  mapping  function  of  the  form 


F  - 


1°  P*> 

f 

B(T(p) )  W(p,T(p))  dlnp 

in  PG 


(2.10) 


where  B,  the  Planck  function,  and  W,  the  weighting  function,  are  known.  The 
major  contribution  to  the  mapping  functions  for  the  retrieval  of  atmospheric 
temperature  structure  has  this  form.  Since  T(p)  is  a  function  of  pressure  but 
the  number  of  available  channels  of  data,  M,  is  finite,  such  problems,  even  in 
the  absence  of  measurement  errors,  do  not  have  unique  solutions  and  are  thus 
not  well-posed.  To  be  well-posed  a  problem  must  have  a  solution  which  exists, 
which  is  unique  and  which  depends  continuously  on  the  data  of  the  problem.  By 
data  we  mean  the  parameters,  functions,  etc.,  used  to  specify  the  particular 
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problem.  In  our  example,  the  measurements  dj  and  the  functions  B  and  W  are  the 
data.  The  retrieval  problem  may  be  rendered  well -posed  by  adding  some  con¬ 
straints  on  the  physical  parameters  to  be  retrieved.  For  example,  T(p)  may  be 
expressed  as  a  finite  sum  of  known  empirical  structure  functions.  With  this 
formulation  the  coefficients  of  the  structure  functions  become  the  unknowns 
and  the  problem  reduces  to  a  finite  set  of  algebraic  equations.  Such  systems 
of  equations  will  not  in  general  be  well-posed,  but  if  the  number  of  (inde¬ 
pendent)  channels  is  equal  to  the  number  of  coefficients  the  problem  will  be 
well-posed.  However,  well-posedness  and  its  implied  continuous  dependence  on 
the  data  is  not  enough  to  insure  that  the  solution  to  a  problem  will  be  useful 
when  the  data  are  uncertain. 

In  practice,  the  data  always  have  some  degree  of  uncertainty,  and  solu¬ 
tions  of  a  well-posed  problem  can  still  be  ill-conditioned,  that  is  very  sen¬ 
sitive  to  the  data.  When  this  is  the  case,  small  measurement  errors  may  be 
translated  into  large  errors  in  the  retrieved  parameters.  Ill-conditioning 
occurs  for  example  when  variation  of  one  of  the  geophysical  parameters  has 
only  a  small  effect  on  the  measured  radiances.  In  our  example,  decreasing  the 
number  of  coefficients  used  and  minimizing  the  sum  of  squared  will  usually 
improve  the  conditioning  of  the  problem. 

Ultimately,  all  retrieval  methods  are  constructed  to  address  the  problems 
of  ill-posedness  and  ill-conditioning.  One  or  both  of  these  problems  may 
cause  a  particular  method  to  produce  nonphysical  results  or  fail  to  con¬ 
verge.  Methods  which  are  successful  circumvent  these  potential  pitfalls  by 
introducing  some  (explicit  or  implicit)  constraint  on  the  solution  based  on  a 
priori  knowledge  of  the  physical  system.  We  will  classify  the  constraints  as 
one  of  the  following:  (1)  a  smoothness  constraint,  (2)  a  statistical  con¬ 
straint,  or  (3)  a  physical  constraint.  These  classes  of  constraints 
correspond  to  three  types  of  retrieval  methods:  smoothing  (Phillips,  1962; 
Twomey,  1963;  Tikhonov,  1963)  as  applied,  for  example,  by  Wark  and  Fleming 
(1966),  statistical  (Strand  et  al.,  1970;  Rodgers,  1971;  Smith  et  al.,  1970; 
Turchin  et  al.,  1971;  Smith  and  Woolf,  1976),  and  physical  (Chahine,  1968; 
Chahine,  1972;  Smith,  1970;  Susskind  et  al.,  1984;  Smith  et  al.,  1986). 

A  fourth  approach  (Backus  and  Gilbert,  1967;  1968;  1970)  which  is  usually 
applied  to  the  design  and  analysis  of  the  instruments  themselves  rather  than 
to  the  actual  retrievals,  recognizes  that  sufficient  constraints  may  not  exist 


to  render  the  problem  well-posed  and,  furthermore,  that  it  may  not  be  possible 
to  reduce  noise  levels  in  the  data  to  a  level  which  results  in  acceptable 
conditioning  of  the  retrieval  problem.  Thus,  there  is  a  tradeoff  between 
acceptable  noise  and  sufficient  resolution  in  retrieving  the  desired  para¬ 
meters.  The  approach  of  Backus  and  Gilbert  provides  criteria  to  select  the 
set  of  retrieved  parameters.  This  approach  has  been  applied  diagnostically  to 
study  the  vertical  resolution  available  from  temperature  retrievals  (Conrath, 
1972;  Thompson,  1982). 

Although  all  the  techniques  cited  above  are  designed  to  solve  the  same 
mathematical  problem,  they  may  produce  results  which  differ  considerably  in 
practice.  This  is  a  consequence  of  using  different  a  priori  data,  adapta¬ 
bility  to  a  particular  problem,  and  computational  details. 

2 . 3  Path  Characterization  Approaches 

There  are  a  considerable  number  of  potential  algorithms  available  for 
implementation  as  path  characterization  approaches.  Table  2-4  summarizes  the 
path  characterization  retrieval  related  approaches  to  be  discussed  in  this 
section  and  their  applications. 


Table  2-4  Candidate  path  characterization  retrieval  approaches  discussed  in 


this 

section 

Retrieval  Method/ 

[Section]  Reference 

Application 

nonlinear, 

iterative 

[2.3.1] 

Chahine,  1968; 
1972;  Smith, 
1970 

Thermal  and  constituent  retrievals;  requires 
forward  problem  simulator;  time  consuming 
line-by-line  simulation  can  be  avoided  by 
implementing  a  rapid  transmittance  algorithm. 
Implementation  straightforward. 

statistical 

[2.3.2] 

Smith  and 

Woolf,  1976; 
Westwater  and 
Strand,  1968; 
Isaacs  and 
Deblonde , 

1987 

Requires  statistics  relating  parameters  and 
data;  if  concurrent  data/parameter  observa¬ 
tions  are  available,  no  forward  problem  is 
necessary;  alternatively,  synthetic  data  can 
be  simulated;  statistical  retrievals  provide 
excellent  first  guess  profiles  for  nonlinear, 
iterative  method.  Easy  to  implement. 

simultaneous 

[2.3.3] 

Smith  et  al . , 
1986;  Isaacs, 
1989 

Combines  attributes  of  statistical  and 

Chahine -type  retrieval.  Obtains  thermal  and 
constituent  soundings  simultaneously. 
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2.3.1  Nonlinear.  Iterative  Retrievals 


Chahine  (1968;  1972)  has  developed  a  general  nonlinear,  relaxation  method 
to  invert  the  radiative  transfer  equation  for  all  atmospheric  parameters  which 
appear  in  its  integrand.  The  approach  provides  the  capability  to  retrieve 
such  desired  parameters  as  temperature  and  species  concentrations  of  active 
absorbers  along  a  specified  path  using  little  a  priori  information.  Chahine 
(1972)  has  discussed  the  necessity  for  a  nonlinear  approach  to  treat  ill- 
conditioned  problems  such  as  those  commonly  encountered  in  path  retrieval 
calculations.  The  method  does  require  an  accurate  code  to  calculate  the 
forward  problem.  In  the  present  context,  the  forward  problem  generators 
discussed  in  Section  2.1  would  be  appropriate. 

The  solution  is  obtained  iteratively,  adjusting  a  first  guess  sounding  of 
the  desired  parameter  based  on  comparison  of  simulated  with  actual  data.  Ad¬ 
justments  are  made  to  the  trial  parameter  profiles  by  associating  each  sensor 
channel  brightness  temperature  with  that  layer  in  the  atmosphere  which  is  most 
sensitive  to  a  local  change  in  the  desired  parameter.  This  association  is 
made  through  the  channel  weighting  functions.  A  solution  is  obtained  when 
simulated  data  obtained  using  the  iterative,  trial  sounding  is  consistent  with 
the  actual  data.  The  iterations  are  terminated  and  the  retrieval  said  to 
converge  when  the  simulated  and  actual  data  differ  by  sensor  channel  noise 
equivalent  radiances. 

The  forward  problem  simulation  of  path  radiance  is  obtained  from  the 
radiative  transfer  equation.  The  radiances  in  each  of  the  N  selected  sensor 
channels,  R(i^) ,  i=l,..N,  will  depend  on  the  temperature  and  constituent 
profiles  through  the  relation; 

-?np2 

RO'i)  =  B(i/i,Ts)r(i/i,p1)  +  f  B[i/i  ,T(p)  ]  f d£np  (2.11) 

-Pnpj  P 

where  pi  and  p2  are  the  pressures  at  the  specified  path  endpoints  and  a  target 
with  unit  emissivity  and  temperature  Tg  is  placed  at  the  path  terminus.  For 
general  paths,  this  equation  could  have  been  written  in  terms  of  a  range 
variable  rather  than  pressure.  For  consistency  with  the  retrieval  literature, 
we  have  retained  pressure  as  the  independent  variable.  The  temperature 
profile  T(p)  appears  explicitly  as  an  argument  of  the  Planck  function,  B. 
However,  the  dependence  of  the  radiance  on  the  composition  profile  of  the 
relevant  absorbing  gas,  q(p) ,  is  implicit  in  the  transmittance  factor. 
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The  retrieval  is  obtained  by  starting  from  an  arbitrary  initial  guess  for 
temperature  or  composition  profile  (i.e.,  Tn(p) ,  qn(p) ;  n-0) .  If  any 
subsequent  trial  profile  is  a  retrieval  solution,  then  the  residuals  for  each 
channel  defined  as : 


An(»/i)  -  R(i/l)  -  Rn(i/i) 


(2.12) 


will  approach  the  magnitude  of  the  computational  and  instrumental  noise  for 
all  channels.  If  this  convergence  criteria  is  not  satisfied,  the  desired 
parameter  profile  is  adjusted.  The  adjustments  are  applied  within  specific 
domains  of  the  path  determined  by  the  sensitivity  of  each  channel's  response 
to  path  changes  in  the  desired  parameter.  For  simplicity,  adjustments  are 
made  at  N  path  positions  using  the  N  channels  of  dat  The  location  of  these 
positions  is  determined  by  the  channel  weighting  functions.  The  adjustment 
for  each  channel  is  accomplished  via  a  relaxation  equation. 

The  form  of  the  relaxation  depends  on  whether  temperature  or  composition 
is  being  treated.  For  temperature,  it  is  easy  to  show  that  a  new  guess  (i.e., 
the  n+lth  iteration)  for  the  Planck  function  (and  hence,  temperature  profile) 
at  each  of  the  N  path  domains  associated  with  a  channel  can  be  calculated  from 
the  nth  trial  Planck  function  and  its  associated  simulated  radiance  Rn(j>'^)  and 
the  radiance  data  for  that  channel,  R(t^) ,  by  the  expression: 


B[„.,Tn+1(p)]  -  R(*/i)  B[i/.,Tn(p)] 

Rn(‘/i) 


(2.13) 


This  expression  can  be  simplified  to  obtain  the  following  form  for  the 
relaxation  equation  for  temperature: 


Tn+1(Pi)  -  aiTn(p.) 


(2.14) 


To  apply  the  approach  for  composition  profiles,  Eq .  (2.11)  above  is  integrated 
by  parts  to  obtain: 


I (^i)  “  B(i/i,p2) 


*inp2 

’■[‘'.q(p)] 

inPl 


<3B 

3inp 


3inp . 


(2.15) 
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From  this  form  of  the  equation  a  similar  relaxation  equation  for  the  composi¬ 
tion  profile  is  obtained: 

qI1+1(pi)  -  aiqI1(pi)  (2.16) 

After  each  iteration  and  application  of  the  relaxation  equation,  the  adjusted 
profile  is  obtained  by  connecting  the  N  path  domains  by  a  suitable  interpola¬ 
tion  formula.  The  relaxation  is  repeated  until  the  relaxation  parameters  a^ 
approach  unity  and  the  residual  criteria  are  met. 

The  Chahine-type  retrieval  has  been  widely  applied  in  the  remote  sensing 
community.  Smith  (1970)  developed  a  similar  approach  to  obtain  temperature 
profiles  from  satellite  borne  radiometer  data.  Recently,  Kaplan  et  al.  (1986) 
used  the  Chahine  retrieval  approach  to  investigate  the  water  vapor  profile  re¬ 
trieval  capabilities  of  a  proposed  next  generation  infrared  sounder. 

2.3.2  Statistical  Estimation 

Statistical  retrievals  are  based  on  an  approach  to  obtaining  geophysical 
parameters  from  radiometric  data  discussed  by  Rodgers  (1976) ,  Westwater  and 
Strand  (1968),  Smith  and  Woolf  (1976),  and  Isaacs  and  Deblonde  (1987).  The 
essential  element  of  the  scheme  is  to  choose,  in  a  statistical  sense,  the  most 
probable  combination  of  atmospheric  path  properties  which  produces  the  set  of 
measured  radiometric  data  values.  It  is  a  general  statistical  regression 
technique  which  minimizes  the  mean  square  error  between  the  estimated  and 
observed  values  of  the  parameter  of  interest.  As  applied  to  the  path 
characterization  problem,  the  desired  parameters,  p^,  are  the  thermodynamic 
and  compositional  state  of  the  path.  The  data,  d j ,  are  measured  radiances, 
brightness  temperatures,  or  transmittances .  Of  course,  the  forward  problem 
algorithm  can  be  used  to  generate  synthetic  data  sets  from  which  to  obtain 
statistics.  The  statistical  estimation  formalism  provides  two  important  capa¬ 
bilities:  (1)  use  of  statistical  estimation  can  provide  excellent  first 

guesses  for  the  Chahine-type  retrieval  (Kaplan  et  al . ,  1986),  and  (b)  the 
eigensystem  decomposition  of  the  covariance  matrices  of  parameter  and  data 
sets  calculated  as  an  intermediate  step  in  the  evaluation  of  the  regression  or 
"D"  matrix  (described  below)  provide  insight  into  the  information  content  of 
the  retrieval. 


18 


An  individual  retrieval  of  a  specified  parameter  vector  (e.g. 
temperatures  at  r  levels)  is  obtained  from: 

p  -  Dd  (2.17) 


with 


D  -  (UTt)(T*A*’1  T*C)  (2.18) 

where 

p  is  the  parameter  vector,  a  vector  giving  a  statistical  estimate  of 
the  profile  of  the  desired  parameter  in  each  of  r  layers 

3  is  the  data  vector,  a  vector  whose  components  are  n  brightness 
temperatures  or  radiances 

Urs  is  the  parameter  profiles  matrix  at  r  levels  for  s  atmospheric 
samples 

Tng  is  the  brightness  temperature  or  radiance  matrix  for  n  channels  for 
s  samples 

A 

T*  are  "selected"  eigenvectors  of  TT 

A  *  is  the  diagonal  matrix  whose  elements  are  the  corresponding 
eigenvalues 

The  eigenvectors  having  relatively  small  eigenvalues  (compared  with  the 
largest  eigenvalue)  can  be  discarded  since  they  represent  noise.  In  the 
algorithm  employed,  only  eigenvectors  of  the  covariance  matrix  of  the  data  set 
with  itself  have  the  potential  to  be  discarded.  The  advantage  of  the  method 
is  that  by  truncating  the  sequence  of  eigenvalues,  one  reduces  the  condition 
number  of  the  matrix,  and  therefore  also  the  sensitivity  to  noise.  In  this 
method,  if  none  of  the  eigenvectors  are  discarded,  the  problem  reduces  to  that 
of  solving  the  least  squares  fit  problem,  i.e. 

D-UTt(TTt)'1  (2.19) 
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From  Eq.  (2.17),  it  can  be  seen  that  the  statistical  retrieval  reduces 
computationally  to  the  multiplication  of  the  "D"  matrix  with  the  data 
vector,  p.  It  is  therefore  qui  a.  an  efficient  approach. 


2.3.3  Smith's  Simultaneous  Approach 

This  approach  employs  a  perturbation  form  of  the  radiative  transfer 
equation  which  relates  changes  in  atmospheric  path  parameters  to  changes  in 
sensor  channel  brightness  temperatures.  These  changes  are  defined  with 
respect  to  a  selected  a  priori  first  guess  or  climatological  mean.  By 
inverting  this  relationship  in  a  least  squares  sense,  residuals  in  channel 
brightness  temperatures  (defined  as  the  difference  between  observed  brightness 
temperatures  and  those  evaluated  assuming  the  first  guess  atmospheric  pro¬ 
files)  can  be  used  to  evaluate  the  most  likely  atmospheric  profile.  This  ap¬ 
proach  uses  all  channels  and  retrieves  such  path  parameters  as  the  temperature 
and  water  vapor  profiles,  surface  temperature,  and  surface  emissivity 
simultaneously.  Therefore,  Smith  calls  it  a  simultaneous  retrieval  method. 
Ocher  approaches  generally  use  "temperature”  channels  to  retrieve  temperature, 
"water  vapor"  channels  to  retrieve  water  vapor,  etc. 

Writing  Eq.  (2.5)  in  a  perturbation  form,  the  change  in  i.th  channel  radi¬ 
ance  is  given  by: 


6R. 

l 


rT  3B  8t 

ST  3T  dp  dp  ’ 


.  dr  dB 

s<>  55  dp 


+  5e.  B. 
1  1 


(Ts) 


(Ps> 


(2.20) 


3B . 

+  6Ts  <i  'i  <ps>  aF  <V 

s 


where  6T(p),  fiq(p) ,  St,  and  5Tg  are  changes  in  the  temperature  and  moisture 
profiles,  surface  emissivity,  and  surface  temperature  for  an  a  priori  value, 
e.g.  , 
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6 T(p)  -  T(p)  -  T(p) . 


(2.21) 


The  a  priori  value  can  be  a  first  guess  or  climatological  value.  The  change 
in  j.th  channel  brightness  temperature  is  given  by 


6TBi  -  S V 


3T 


(2.22) 


Focusing  on  the  temperature  profile  alone,  the  perturbation  profile  6T(p)  can 
be  expanded  about  a  suitable  set  of  functions  : 


M 


«T(p) 


*j(P>. 


(2.23) 


We  have  used  empirical  orthogonal  functions  (EOFs)  of  temperature  and  moisture 
in  our  work.  (Smith  uses  the  weighting  functions.)  This  result  is: 


6 


M 

S  a.  $.. 


or 


j-1 


j  ij 


6T.  -  *  a 

D 


where 


(p) 


dB*  drt 

aTaTdP- 


(2.24) 


(2.25) 


In  this  equation,  5Tg  is  a  vector  of  residuals  of  observed  brightness 
temperature  from  an  a  priori  set  based  on  the  assumed  first  guess  temperature 
and  water  vapor  profiles.  By  linearizing  the  result  above,  it  can  be  related 
to  the  physical  temperature  retrieval  approach  described  by  Susskind  et  al. 
(Susskind  et  al. ,  1984). 

The  inversion  for  the  temperature  profile  is  obtained  by  solving  (2.24) 
above  for  the  vector,  a,  of  coefficients  in  the  EOF  expansion  about  the  first 
guess.  This  is  done  using  least  squares: 
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(2.26) 


T  '  -  T  - 

a  -  (9  *  +  al)  1  $  ST 

B 

where  the  a  I  term  stabilizes  the  matrix  inversion.  This  type  of  least  squares 
is  often  called  ridge  regression  and  a  the  ridge  parameter.  Once  inverted: 

T(p)  -  T(p)  +  5T(p)  (2.27) 


where  6T(p) 


^i(P>- 


(2.28) 


Smith  et  al.  (1986)  have  applied  this  technique  to  retrieve  temperature 
and  water  vapor  using  HIRS2  data  and  to  HIS  interferometric  data  sets  (Smith 
et  al.,  1987).  The  simultaneous  approach  has  also  been  adopted  to  unify 
retrievals  using  DMSP  microwave  mission  sensor  (i.e.,  SSM/T,  SSM/T-2,  SSM/I) 
data  (Isaacs,  1989). 

2.4  Selection  of  Path  Characterization  Retrieval  Algorithm 

Based  on  our  review  of  the  computational  attributes  of  these  methods  and 
the  requirements  imposed  by  interfaces  with  the  FASCODE  formalism,  a  variation 
of  the  simultaneous  approach  which  we  have  called  the  physical  least  squares 
method  has  been  selected  as  the  viable  methodology  for  the  path 
characterization  problem. 

A  number  of  considerations  have  contributed  to  this  decision: 

(a)  Statistical :  Implementation  of  the  statistical  retrieval  approach  is 
based  on  the  availability  of  statistics  relating  sensor  channel  data 
(brightness  temperatures,  radiances,  spectra)  and  the  desired  path 
characteristics  (level  temperatures,  constituent  abundances,  etc.).  In  a 
sense,  this  is  the  most  versatile  approach  since  sensor  data  can  easily 
be  correlated  with  path  dependent  parameters  of  any  kind.  As  a  practical 
matter,  however,  such  statistical  data  bases,  even  if  available,  can't 
readily  be  included  with  FASCODE.  We  require  that  the  path  characteriza¬ 
tion  retrieval  process  should  be  independent  of  external  data  bases.  The 
required  statistics  could  be  generated  using  FASCODE  as  the  sensor  simu- 
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lation  model.  However,  in  our  judgment  we  feel  that,  in  its  current 
form,  the  production  of  simulated  statistical  data  bases  would  be  too 
costly  for  the  average  user.  (These  considerations  depend  to  a  certain 
extent  on  whether  an  efficient  rapid  algorithm  is  feasible  for  use  with 
FASCODE) .  Another  nontrivial  disadvantage  of  the  statistical  approach  is 
its  inherent  linearity  which  limits  its  applicability  to  the  retrieval  of 
constituent  abundances.  Finally,  the  approach  proceeds  somewhat  inde¬ 
pendently  of  the  essential  physics  of  the  radiative  transfer  process. 

This  is  not  very  satisfying  to  us. 

(b)  Chahine  -  The  Chahine  type  retrieval  avoids  the  requirement  for  sta¬ 
tistical  data  bases  required  above.  It  also  treats  the  nonlinearities  of 
the  problem  and  includes  the  essential  physics  of  radiative  transfer.  We 
see  a  difficulty,  however,  in  a  straightforward,  generic  code  implementa¬ 
tion  which  will  treat  the  broad  range  of  user  defined  problems  which  will 
potentially  be  encountered.  The  most  effective  formulation  of  these 
retrievals  are  individually  designed  to  specifically  treat  temperature, 
moisture,  clouds,  etc.  This  is  an  important  consideration  because  the 
retrieval  of  constituent  abundances  will  require  a  retrieved  temperature 
profile.  In  the  satellite  retrieval  problem,  clouds  are  done  first, 
followed  by  temperature,  and  then  perhaps  moisture  (see  Susskind  et  al., 
1984) .  It  is  not  clear  that  this  hierarchy  of  retrieval  calculation  can 
easily  be  established  for  the  generic  path  characterization  problem.  For 
example,  assuming  that  two  or  more  constituent  abundances  are  required, 
and  that  it  is  always  necessary  to  do  the  temperature  retrieval  first, 
how  does  one  decide  which  species  to  retrieve  first? 

An  additional  consideration,  often  missed,  is  that  the  relaxation 
equation  used  in  the  Chahine  type  retrieval,  must  be  carefully  formulated 
to  optimize  the  problem.  The  relaxation  equation  provides  the  relation¬ 
ship  which  adjusts  the  nth  order  trial  solution  to  obtain  the  n+lth 
solution.  Studies  at  AER  have  indicated  that  this  must  be  carefully 
selected  for  the  water  vapor  problem,  bearing  in  mind  the  physics  of  the 
water  vapor  absorption  process  for  the  selected  channel  set.  This  is  not 
possible  in  a  generic  formulation,  and  we  suspect  the  relaxation  can  be 
suboptimal  (i.e.  over-  or  under- relaxed) .  This  could  lead  to  convergence 
problems.  Finally,  as  with  all  iterative  approaches,  first  guess  values 
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for  desired  parameters  are  required.  This  is  not  an  important  restric¬ 
tion,  however,  since  the  inherent  FASCODE  model  atmospheres  can  be  used 
to  provide  the  appropriate  first  guesses. 

(c)  Simultaneous  -  The  simultaneous  retrieval  avoids  most  of  the  pitfalls 
discussed  with  respect  to  the  approaches  above.  It  has  the  following 
attributes:  (a)  no  extensive  supplementary  data  sets  are  required, 

(b)  the  method  is  self-contained,  (c)  nonlinearities  and  the  physics  are 
all  treated,  (d)  there  is  no  requirement  to  establish  a  hierarchy  for  the 
retrieval  process  since  all  path  parameters  are  treated  simultaneously, 
and  (e)  the  analog  of  the  relaxation  equation,  based  on  a  perturbation 
approach  applied  to  the  forward  problem,  is  intrinsic  to  the  formulation 
and  need  not  be  individually  formulated.  A  further  appeal  is  its 
capability  for  generic  application. 

The  discussion  above  is  summarized  in  the  attached  Table  2-5.  The 
FASCODE  related  attributes  of  each  retrieval  approach  which  were  considered  in 
the  selection  process  are  illustrated.  The  desirable  attributes  are  indicated 
in  italics.  The  choice  of  the  simultaneous  retrieval  approach  is  most 
consistent  with  the  desired  attributes  relative  to  a  FASCODE  implementation. 

3.  PREPROCESSING  ALGORITHM 

The  purpose  of  the  screening  algorithm  is  to  provide  the  user  with 
potentially  fruitful  spectral  regions  for  the  retrieval  of  desired  atmospheric 
properties.  The  spectral  data  for  each  molecule  is  taken  from  the  HITRAN 
database,  the  background  atmosphere  is  specified  via  FASCODE  procedures,  and 
the  screening  algorithm  selects  the  ideal  set  of  wavenumbers  to  cover  the 
range  in  optical  depth. 

3.1  Spectral  Screening 

The  objective  of  this  code  segment  is  to  avoid  the  necessity  to  perform 
multiple  FASCODE  calculations  at  full  spectral  resolution  to  identify 
potentially  useful  spectral  regions. 
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Table  2-5  FASCODE  related  attributes  of  candidate  retrieval  approaches 


Approach/Reference 

Statistical  Iterative  Simultaneous 

Attribute  (Gaut  et  al. ,  1975)  (Chahine,  1972)  (Smith  et  al . ,  1985) 


External  data  bases 
required 

yes 

no 

minimal 

Nonlinear 

no 

yes 

yes 

Physics  treated 

no 

yes 

yes 

Hierarchy  required  for 
multiple  parameters 

no 

yes 

no 

Relaxation  equation 
optimization 

n/a 

no 

yes 

First  guess  required 

no 

yes 

yes 

Generically  applicable 

yes 

no 

yes 

We  have  decided  that  a  suitable  band  model  would  provide  the  essential 
information  to  accomplish  this  aspect  of  the  preprocessing.  The  following 
discussion  describes  the  development  of  this  band  model.  The  governing 
equation  for  the  emitted  flux  reaching  the  top  of  a  plane-parallel  stratified 
atmosphere  overlying  a  black  surface  at  pressure  ps  is  (Kaplan  et  al . ,  1977): 


0 

I.  =  /  B  [T(p) ] [dr  (p ,0)/dlnp]dlnp 

P0 

+  Bj[T(ps)]rj(ps>0), 


(3.1) 


where  Bj(T,i/j)  is  the  blackbody  radiance  in  a  channel  centered  at  frequency 


T 


If  the  channel  has  an  effective  bandpass  and  contains  a  random  array  of 
lines  of  individual  equivalent  widths  W.^,  the  average  transmittance  is 
(Kaplan,  1953): 
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VP'0’ lines  -  exp  'l  VP.°VDJ 


(3.2) 


to  the  extent  that  the  lines  in  are  representative  of  those  in  a  broader 
bandpass.  If,  further,  the  lines  have  a  Lorentz  shape  and  their  intensi¬ 
ties  and  halfwidths  are  independent  of  temperature  and  the  absorbing 
gas  is  uniformly  mixed  in  the  atmosphere  with  volume  fraction  q,  the 
individual  equivalent  widths  have  the  value  (Pederson,  1942): 


W  (p,0)  -  2jn(aQ  p/pQ)r(^  +  l/2)/T(r,  ) , 

J  ji  J  J 

where  is  the  halfwidth  at  reference  pressure  pQ,  and 

V  -  (qSjiP0)/(2TO0  pog) 


(3.3) 


(3.4) 


is  independent  of  height  with  p ^  being  the  reference  density  used  to  define 


Sj ^  and  g  the  acceleration  of  gravity. 


With  the  substitution  of  Eq.  (3.3),  Eq.  (3.2)  becomes 


r . (p , 0) . .  -  exp(-a.p) , 

j  r  lines  rv  y 


(3.5) 


where 


..rcji  +  i/nni Jt) 


(3.6) 


is  a  constant,  which  approaches  proportionality  to 

7(q/P0)  2  (S  c  )1/2 
i  J  Ji 

as  the  's  increase,  and  to  (q/p^JE  S,^  as  the  rj .  ^ '  s  decrease. 
J  i  J  J 

In  terms  of  absorber  amount 


m  -  —  p_ 
P0g  Fo 


(3.7) 
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the  optical  path  in  the  vertical  from  Pq  to  the  top  of  the  atmosphere  is 
obtained  from  Eqs.  (3.2)  through  (3.6): 


-lnrj (Pq*°) 


E  CLr 


r(Siim/2ira()  +  1/2) 
r(Sijm/2wa0) 


This  asymptotically  approaches,  in  the  weak-  and  strong- line  limit, 
respectively, 


(3.8) 


-in 


lim  (-In  r.(pn,0)  -  2  S  m/D 
Sm-+0  J  i  J  J 


(3.9) 


-ln(r  (p  ,0)  -  lim  (-In  r  (p.,0)  -  XL/2S ..mo. ,,/D. .  (3.10) 

J  U  bL  Sm/a  —>  J  °  i  J 1  UJ 1  J 

It  can  be  representBd  by,  and  has  the  same  asymptotic  limits  as,  a 
computationally  t ff icient  approximation 


•In 


Tj(P0>0) 


-  2 


S .  ,m 

i  Dj 


1  + 


S.  .m 
-l1- 


2a, 


-1/2 


(3.11) 


which  agrees  with  (3.8)  to  better  than  one  or  two  percent.  It  is  similar  in 
form  to  the  Goody  (1952)  random  exponential  model,  which,  however,  differs  in 
the  strong- line  limit  by  a  factor  of  Jn/2. 

The  weak-  and  strong-line  approximations  (3.9)  and  (3.10),  can  be  used 
for  a  preliminary  spectral  screening  to  eliminate  parts  of  the  spectra  that 
would  not  be  useful  for  remote  sensing  purposes.  For  example,  spectral 
regions  Dj  need  not  even  be  considered  for  temperature  sounding  in  the  nadir 
viewing  mode  if  the  equivalent  optical  path  of  the  molecular  species 
considered  is  less  than  say,  0.01. 

To  the  extent  that  the  assumption  of  constant  temperature  and  composition 
hold,  the  integrated  optical  path  from  the  top  of  the  atmosphere  to  any 
pressure  level  can  be  obtained  by  a  linear  multiplication  of  p/pQ,  as  can  be 
seen  from  Eq.  (3.3).  This  is  the  quantity  required  to  compute  the  weighting 
functions.  Further  screening  and  preliminary  channel  selection  require  taking 
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into  account  variation  with  height  of  temperature  and  composition,  using 
various  typical  or  standard  distributions .  The  temperature  and  composition 
corrections  can  be  accomplished,  in  first  order,  by  Godson's  (Rodgers  and 
Walshaw,  1966)  scaling  approximations,  with  the  use  of  precalculated  tabula¬ 
tion  of  ratios  of  E  and  of  E  J  S;ja.=j  as  functions  of  temperature. 

i  J 1  i  J  1  °J  1 

We  account  for  the  temperature  dependence  of  the  line  strengths  by 
compiling  the  quantities,  E  S j ^  and  of  E  J  S j ^aQj  ^  as  a  function  of  tempera¬ 
ture  using  the  values,  200K,  250K,  296K,  340K,  and  interpolating  as 
required.  An  efficient  and  accurate  parameterization  which  we  have  developed 
uses  a  mixing  function,  7  -  TWL^^TWL  +  rSL?‘  °btairi  a  hybrid  optical  depth 

for  the  region  intermediate  between  the  two  limits,  the  following  criteria 
have  been  established: 


If  7  <  0.5, 


r  1  A(T,)  rWL 


where  A(7> 


2 

_ (1-7?  . 

2  2 
Id-7)  +  7  J 


1/2 


If  7  >  0.5, 


(3.12) 


r  -  B(7)rSL 
where  B(7) 


2  2 
1(1-7)  +  7 


1/2 


(3.13) 


Equations  (3.12)  and  (3.13)  provide  a  good  approximation  to  the  optical  depth 
while  allowing  for  a  simple  Curtis -Godson  path  characterization  and 
computational  efficiency. 


Figures  3-1  and  3-2  illustrate  results  of  the  optical  depth  calculation 
for  water  vapor  and  ozone,  respectively,  for  the  first  100  cm'^  at  1  cm~^ 
resolution.  The  choice  of  resolution  should  be  guided  by  the  trade-off 
between  high  resolution  FASCODE  run  time  and  faster  screening  algorithm 
application.  For  example,  1  cm*^  would  not  be  appropriate  to  screen  for  O2  in 
the  microwave,  but  would  be  to  look  at  CO2  in  the  infrared.  Plotted  are  the 
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weak-line,  strong-line,  and  intermediate  (see  Eqs .  (3.12)  and  (3.13))  optical 
thickness  for  each  absorber  assuming  a  path  from  space  to  an  altitude  of 
40  km.  These  values  scale  with  the  Curtis-Godson  modified  absorber  amounts. 
The  rotational  water  vapor  features  at  22.235,  183.31,  and  326  GHz  are 
apparent  as  is  the  regular  nature  of  the  weak  ozone  absorption.  Bear  in  mind 
that  this  data  base  is  to  be  used  for  screening  purposes  only. 

3.2  Screening  Algorithm  Implementation 

The  screening  algorithm  uses  as  inputs  the  object  code  FSCATMB  (from 
FASCODE),  input  files  Tape  5  (for  FSCATM) ,  and  database  files  T200P1,  T200P2, 
T200P3 ,  T250P1 ,  T250P2,  T250P3,  T296P1 .T296P2 ,  T29613,  T340P1 ,  T340P2 ,  and 
T340P3.  The  database  files  store  the  molecular  strong- line  and  weak- line 
optical  depths  for  4  temperatures  and  28  molecules.  The  main  output  file  is 
Tape  20,  with  a  plotting  file  Tape  19. 

The  screening  algorithm  is  shown  schematically  in  Figure  3-3.  To  use  the 
algorithm,  the  user  specifies  the  atmosphere  in  normal  FASCODE  mode,  specifies 
the  wavenumber  interval  to  be  screened,  and  designates  which  molecules  are  of 
interest  and  which  molecules  constitute  the  background  (usually  all  molecules 
are  included).  The  algorithm  echos  back  this  information  in  the  printout.  It 
then  reads  the  strong- line  and  weak- line  molecular  opacities  off  the  database 
for  the  appropriate  temperature,  wavenumber,  and  molecules.  A  temperature  and 
pressure  interpolation  is  done.  The  strong- line  and  weak- line  molecular 
opacities  are  scaled  by  column  amounts  and  then  are  combined  into  a  hybrid 
opacity.  The  optical  depths  are  binned  for  the  molecules  of  interest 
according  to  the  number  of  channels  selected  by  the  user  to  specify  his 
sounding. 

The  algorithm  evaluates  the  optical  depth  for  the  molecules  of  interest 
versus  the  optical  depth  for  the  entire  atmosphere  as  a  function  of  wavenumber 
over  the  wavenumber  interval.  The  algorithm  prints  out  a  histogram  of  the 
optical  depths  for  the  molecules  of  interest.  Next  it  prints  out  a  histogram 
of  the  number  of  wavenumber  bins  where  the  molecules  of  interest  are  easy  to 
pick  out  from  the  background  atmosphere.  Then  the  algorithm  selects  and 
prints  out  the  best  wavenumber  in  each  optical  depth  bin  (channel)  which  has 
the  best  discrimination  to  do  that  sounding.  The  data  can  be  plotted  with 
standard  FASCODE  plotting  routines  using  the  plotting  output  file,  Tape  19. 
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SCREENING  PROGRAM 


Figure 


Schematic  of  retrieval  screening  algorithm. 


3.3  Sample  Output 


Appendix  A  contains  sample  output  from  the  screening  algorithm.  This 
case  used  a  wavenumber  interval  of  1200  to  1950  cm"^,  a  background  atmosphere 
(FASCODE  model  6)  which  used  all  28  molecules,  and  the  molecule  of  interest 
was  water  vapor. 

4.  RETRIEVAL  CODE  IMPLEMENTATION 

4.1  Retrieval  Approach 

As  the  primary  element  of  our  path  characterization  model  a  general 
program  has  been  developed  to  retrieve  atmospheric  state  parameters  including 
temperature,  molecular  species  concentrations,  path  boundary  parameters 
(emissivity/ref lectivity)  and  the  pressure  at  the  boundary  (or  lowest  limb 
layer)  from  path  optical  properties  such  as  atmospheric  path  radiance  and 
transmittance.  The  present  retrieval  approach  assumes  that  an  accurate 
forward  model  is  available  which,  provided  with  the  atmospheric  state 
parameters,  calculates  accurate  path  optical  properties.  Since  this  retrieval 
method  is  directly  dependent  on  the  physics  included  in  the  forward  model,  the 
present  approach  represents  a  physical  retrieval  method.  FASCODE  has  been 
used  for  the  forward  model  in  the  current  implementation  because  of  its 
flexibility  and  accuracy.  The  model  has  a  distinct  advantage  in  terms  of  the 
spectral  extent  over  which  it  is  capable  of  performing  atmospheric  radiance 
and  transmittance  calculations  from  the  microwave  to  UV.  A  principal 
liability  of  using  an  accurate  line-by-line  calculation  such  as  FASCODE  for 
the  forward  problem,  is  the  computational  cost  of  performing  the  forward 
calculation.  While  this  model  is  currently  not  viable  for  operational 
retrievals,  utilization  of  rapid  algorithms  (see  Section  2.1.3),  anticipated 
future  improvement  in  computational  power  and  more  importantly  the  utilization 
of  parallel  computational  methods  may  ultimately  enable  the  use  of  line-by¬ 
line  codes  for  operational  retrievals.  Another  significant  advantage  of  using 
FASCODE  for  the  forward  model  is  the  ability  to  control  the  resolution  of  the 
model.  The  present  method  enables  the  study  of  the  dependence  of  a  retrieval 
measurement  approach  on  resolution.  Further,  retrieval  results  may  be  studied 
for  combined  high  resolution  microwave  measurements  (AMSU)  and  lower 
resolution  infrared  measurements  (AIRS). 
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The  nonlinear  method  of  physical  least  squares  (PLS)  has  been  utilized  to 
retrieve  the  atmospheric  state  parameters  from  radiance  measurements.  For 
this  method,  derivatives  with  respect  to  the  state  parameters  are  required. 
These  derivatives  are  obtained  from  discrete  finite  differences  by  perturbing 
the  forward  model.  This  operation  constitutes  the  most  computationally  in¬ 
tensive  aspect  of  the  present  method.  In  general,  the  least  squares  method  in 
the  absence  of  constraints  requires  that  the  number  of  measurement  values  ex¬ 
ceed  the  number  of  parameters  to  be  retrieved.  This  point  will  be  considered 
in  more  detail  in  the  context  of  the  constrained  least  squares  method. 

Two  options  are  provided  by  the  current  PLS  model:  the  maximum  likeli¬ 
hood  method  (MLM)  and  the  ridge  regression  method.  Included  in  the 
implementation  is  an  option  to  perform  an  eigenanalysis  of  the  system 
including  parameter  retrieval  from  the  eigenvalues.  An  error  analysis  is 
provided  given  estimates  of  the  measurement  noise  and  the  error  covariance  of 
the  first  guess  if  the  maximum  likelihood  method  is  selected.  Also,  included 
in  the  program  is  the  capability  to  add  noise  to  the  measurements  either  with 
a  fixed  seed  or  user  supplied  seed.  The  retrieval  may  be  performed  in  a 
representation  in  which  the  measurements  are  linear  in  radiance  or  in  a 
representation  linear  in  equivalent  brightness  temperature. 

It  is  desirable  in  a  retrieval  scheme  of  this  type  to  constrain  the 
retrieved  state  parameters  to  physically  realizable  values.  An  example  of 
such  a  constraint  relates  to  the  retrieval  of  the  mixing  ratio  of  water  vapor 
profiles  for  which  the  relative  humidity  at  each  level  should  be  constrained 
to  be  greater  than  zero  and  less  than  100%.  Such  linear  and  nonlinear 
constraints  may  readily  be  added  to  the  present  program.  However,  in  the 
studies  performed  with  the  code  thus  far,  violation  of  physical  constraints 
has  not  been  observed.  This  is  attributable  to  the  constrained  least  squares 
method  we  have  adopted  for  which  the  state  parameters  that  might  not  be  well 
determined  (thus  possibly  having  non  physical  values)  tend  to  be  constrained 
toward  physical  values.  Wherever  possible,  consideration  has  been  given  to 
developing  the  model  in  the  context  of  physical  constraints.  For  instance  the 
hydrostatic  equation  is  implicitly  contained  in  the  retrieval  results  for 
application  to  the  terrestrial  atmosphere.  This  is  a  consequence  of  the  fact 
that  changes  in  the  retrievable  layer  parameters  have  minimal  effect  on  the 
mass  of  the  layer  (variation  of  the  water  column  in  a  layer  may  have  a  small 
effect  on  layer  pressures) . 
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4.2  Physical  Least  Squares  Theory 

The  physical  least  squares  (PLS)  approach  is  advantageous  for  path 
characterization  since  it  explicitly  treats  all  variables  affecting  path 
electro-optical  properties  on  an  equivalent  mathematical  basis.  For  this 
problem  of  the  estimation  of  state  parameters  from  observations,  the  concept 
of  two  limiting  spaces  proves  useful:  measurement  space  and  null  space.  A 
state  parameter  is  considered  to  be  in  measurement  space  if  the  estimation  of 
the  parameter  is  strongly  dependent  on  measurements  from  the  observing  system 
and  in  the  null  space  if  it  is  not  dependent  on  the  measurements.  For 
atmospheric  state  parameters  that  are  outside  null  space,  there  is  no 
requirement  for  a  priori  climatological  data  on  the  desired  path  parameters. 
Such  information  is,  however,  useful  in  formulating  the  first  guess  and 
accelerating  convergence.  Our  implementation  of  the  PLS  method  is  consistent 
with  the  approach  of  Rodgers  (1976,  1990)  and  more  recently  Eyre  (1989). 

The  problem  of  retrieving  atmospheric  state  parameters,  x,  is  posed  in 

terms  of  minimizing  the  square  of  the  differences  between  the  observations  and 

2 

the  forward  model  F(x)  such  that  the  variance,  a  ,  given  by 

o1  -  S  Wi  [Rt  -  F.(x)]2  (4.1) 

is  a  minimum.  is  the  weight  for  the  i'th  observed  radiance,  R^.  This 

approach  has  two  attractive  attributes:  (1)  an  extensive  body  of  work  exists 
on  methods  for  solving  the  problem  formulated  in  this  way  and  (2)  the  final 
solution  is  in  the  linear  regime  enabling  the  implementation  of  a  compre¬ 
hensive  error  analysis.  We  follow  the  customary  approach  to  the  solution  of 
this  problem  by  adding  a  penalty  function,  x  Tx,  to  a  obtaining 

a1  -  [R  -  F(x) ]T  W  [R  -  F(x) ]  +  xTr  x  (4.2) 

For  the  maximum  likelihood  method  we  have 

T  -  S'1  (4.3) 

x 

with  Sx  the  error  covariance  of  the  first  guess  and 
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(4.4) 


with  the  error  covariance  of  the  asureraents .  For  the  ridge  regression 
approach,  T  is  given  by 


r 


ij 


6 .  .7 . 
ij  J 


(4.5) 


where  7j  is  a  stability  (damping)  parameter.  In  this  approach  T  is  viewed  as 
constraining  the  direction  and  length  of  the  step  for  the  nonlinear  problem 
(Levenberg,  1944;  Marquardt,  1963)  as  well  as  providing  a  procedure  to  treat 
the  ill-posedness . 

The  retrieval  is  obtained  by  iterative  implementation  of  the  relation 
(compare  to  2.26-2.28) 


n+1 

x 


xn  +  (KTWK  +  n'1  KTW  rn. 


(4.6) 


Tho  radiance  residuals,  r11,  are  given  by 

vn  -  R  -  F  (x11)  (4.7) 

with  x°  the  first  guess.  The  matrix  K  represents  the  Jacobian  of  the  forward 
model  with  respect  to  the  state  parameters,  obtained  in  our  case  from  finite 
forward  differences. 

K  _  F  ,(x0_J_gx)_^F(x°>  4  g 

5x  v  ‘  ' 

The  derivatives  are  updated  as  infrequently  as  possible  as  a  consequence  of 
the  high  cost  of  the  forward  calculation.  In  most  of  the  cases  we  have 
studied,  convergence  has  been  achieved  in  two  or  three  iterations  without 
derivative  updates.  The  quantity 

H  -  KTWK  +  T  (4.9) 
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from  Eq,  (4.6)  represents  the  covariance  matrix  for  the  measurement  vectors 
and  H'^  is  the  covariance  matrix  for  the  state  vectors.  The  error  analysis 
associated  with  this  development  for  the  PLS  is  provided  in  Section  5. 


4.3  Role  of  the  Penalty  Function 

The  penalty  function  (see  Eq.  4.2)  serves  two  important  but  unrelated 
purposes  in  the  PLS  retrieval  method.  The  first  purpose  relates  to  the  fact 
that  retrievals  of  the  type  we  consider  here  are  often  associated  with  ill- 
posed  or  poorly  posed  problems  (see  Section  2.2).  The  source  of  the  ill- 
posedness  is  related  to  the  fact  that  some  of  the  state  parameters  may  be  in 
null  space  or  that  a  near  linear  relationship  may  exist  among  two  or  more  of 
the  state  parameters.  In  the  case  of  ill-posedness ,  the  covariance  matrix  H, 
in  the  absence  of  the  penalty  function,  T-0,  is  ill  conditioned  and  the 
determinant  is  near  zero,  precluding  the  determination  of  a  stable  inverse. 
The  penalty  function  serves  to  address  this  problem.  In  the  case  of  the 
maximum  likelihood  method  the  quantity  T  is  given  by  the  inverse  of  the  error 
covariance  matrix,  Eq.  (4.3),  so  the  problem  of  ill-conditioning  is  addressed 
in  a  prescribed  way.  For  ridge  regression,  the  situation  is  less  clear.  For 
this  case,  Tjj  is  often  given  by  Eq.  (4.5)  so  that  a  quadratic  penalty 
function  from  Eq.  (4.2),  P^,  is  given  by 


P 

q 


Z 

j 


7j 


(4.10) 


This  definition  effectively  creates  a  parabolic  well  around  the  current  value 
of  the  state  parameters,  the  steepness  of  the  well  controlled  by  yj  .  The 
selection  of  yj  in  dealing  with  ill-conditioning  has  traditionally  been  a 
difficult  issue.  In  our  experience  a  choice  is  made  based  on  an  estimate  of 
the  allowable  increase  in  a  as  a  consequence  of  a  given  change  in  Xj .  In 
actuality  this  approach  represents  a  crude  approximation  to  using  the  diagonal 
elements  of  the  inverse  of  the  error  covariance  matrix  in  the  maximum 
likelihood  method. 


The  second  purpose  for  the  penalty  function  is  to  control  the  step  size 
and  direction  in  the  implementation  of  the  Levenberg  (1944)  -  Marquardt  (1963) 
approach  to  nonlinear  least  square  problems.  For  this  aspect  of  the  applica¬ 
tion  of  the  penalty  function,  yj  is  chosen  to  be  as  small  as  possible 
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consistent  with  the  solution  space  remaining  in  the  same  well.  As  the  problem 
is  iterated,  the  are  relaxed  to  zero  to  accelerate  convergence.  This  topic 
has  been  discussed  extensively  in  the  literature,  a  particularly  good 
reference  is  Dennis  and  Schnable  (1983).  For  the  present  work,  we  have  found 
that  using  the  error  covariance  matrix  with  the  maximum  likelihood  method  has 
served  to  fulfill  the  role  of  controlling  the  step  size  and  length  for  the 
iterative  solution.  As  a  consequence,  the  relaxation  of  the  penalty  function 
for  the  purposes  of  accelerating  the  solution  has  not  been  pursued. 

It  should  be  mentioned  that  the  matrix  T  in  the  penalty  function  need  not 
be  diagonal.  In  particular,  T  is  not  diagonal  for  the  maximum  likelihood 
method  for  which  it  is  given  by  the  inverse  of  the  error  covariance  matrix  of 
the  state  parameters,  although  we  have  not  had  the  full  matrix  available  to 
study  the  effects  of  off  diagonal  terms.  The  matrix  T  must  be  positive 
definite  in  order  that  the  covariance  matrix  S  be  positive  definite.  One  of 
the  well  known  consequences  of  retrieving  state  vectors  using  the  present 
method  is  a  tendency  toward  alternating  error  in  the  retrieved  state 
parameters,  an  effect  sometimes  described  as  jacknifing.  Twomey  (1977)  has 
pointed  out  that  a  smoothness  constraint  may  be  imposed  on  the  retrieved  state 
parameters  through  the  application  of  symmetric  matrices  with  off  diagonal 
elements.  For  instance  the  following  form  of  T 
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1-1 

1  -1  2-1 
2  -1  2-1 
-1  1 


(4.11) 


will  serve  to  minimize  differences  between  adjacent  state  parameters  providing 
a  smoothness  constraint.  Second  derivative  smoothing  can  be  particularly 
effective . 


4.4  Retrieval  System  Eigenanalysis 

In  order  to  study  the  condition  of  the  covariance  matrix  and  to  provide 
an  alternate  solution  method  for  the  state  vectors,  an  eigenanalysis  has  been 
included  in  the  program.  Eq.  (4.6),  expressed  as 


«x  -  (KTWK  +  D"1  (KTWr), 


(4.12) 
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KTWr  -  <KTWK  +  T)  Sx 


may  be  written  in  matrix  form  as 

Y  -  H  x 

where 


(4.13) 


X  -  Sx,  (4.14) 

Y  -  KT  W  r  (4.15) 


and  H  is  the  covariance  matrix  of  the  Jacobian  for  the  problem.  Performing  a 
diagonalization  and  obtaining  eigenvectors  T  and  eigenvalues  XI  we  have 


fYT  -  THT  TXT  (4.16a) 

and 

tYT  -  XI  fXT.  (4.16b) 


The  spectrum  of  the  eigenvalues  with  r-0  provides  information  on  the  number  of 
parameters  that  may  be  retrieved  for  a  given  problem.  The  eigenvectors  for  a 
given  eigenvalue  provides  information  on  the  linear  combination  contributing 
to  a  given  eigenvalue.  If  a  linear  relation  exists  between  one  or  more  state 
parameters,  an  eigenvalue  is  identically  zero  and  the  eigenvectors  identify 
the  linear  relationship.  The  determinant  may  readily  be  obtained  as  the 
product  of  the  eigenvalues.  The  solution  vector  for  X  is  also  available  from 
the  relation 

X  -  T  X'1  I  f  Y  (4.17) 


4.5  Initial  Guess  Dependence 

One  of  the  most  important  aspects  of  a  regression  approach  of  the  type 
implemented  here  is  the  choice  of  the  initial  guess,  x°.  In  both  the  linear 
and  nonlinear  situation,  the  state  parameters  are  constrained  to  the  initial 
guess  for  the  parameters  which  are  in  nuu  space.  In  the  linear  problem,  for 
parameters  in  measurement  space,  the  choict  of  initial  guess  will  not  influ- 
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ence  the  result.  In  the  nonlinear  case,  the  choice  of  initial  guess  deter¬ 
mines  the  well  in  which  the  retrieved  parameters  are  finally  obtained.  For 
cases  in  which  Eq.  (4.2)  has  more  than  one  local  minimum  the  choice  of  the 
first  guess  is  a  particularly  important  issue.  In  general  for  the  nonlinear 
problem  we  seek  the  solution  that  represents  the  global  minimum.  Finally,  in 
the  intermediate  region  between  null  space  and  measurement  space,  the  initial 
guess  will  have  an  influence  on  the  retrieved  parameters.  It  is  useful  to 
define  an  equivalent  parameter  index  (EPI,  £ j ) .  which  is  a  measure  of  the 
degree  to  which  a  parameter  is  in  measurement  space  ( e j  —1 )  or  null  space 
(tj-0).  EPI  is  given  by  the  relationship 


e  . 
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[ktwk  +  r] '1  [ktwk] 


jj 


(4.18) 


or  equivalently 
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(4.19) 


The  number  of  equivalent  parameters  (Nor>)  for  the  problem  is  given  by  the 

ep 

trace ,  so  that  we  have 


N 

ep 


tr 
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(4.20) 


or  equivalently 


N  -  S  e . .  (4.21) 

6P  j  J 


This  quantity  will  be  required  for  the  error  analysis.  The  values  for  e  range 

from  0  to  1  so  that  the  N  cannot  exceed  the  number  of  state  variables  in  the 

ep 

problem,  N  .  As  a  consequence,  it  is  possible  to  study  a  problem  in  which  the 
number  of  state  variables  exceeds  the  effective  number  of  measurements,  as 
long  as  N  does  not  approach  the  number  of  measurements.  It  is  in  this 

ep 

context  that  the  assimilation  of  the  AMSU  A  and  AMSU  B  radiances  into  the 
British  Meteorological  Office  NWP  model  is  proposed  (Eyre,  1989). 
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In  general  the  performance  of  the  retrieval  procedure  is  improved  in 
cases  for  which  the  first  guess  is  close  to  the  true  solution.  The  effect  of 
the  transition  region  between  measurement  space  and  null  space  is  reduced  and 
the  convergence  to  the  true  solution  in  the  nonlinear  case  is  facilitated. 
Operational  applications  of  the  PLS  retrieval  method  have  approached  this 
problem  in  at  least  two  interesting  ways.  For  the  British  Meteorological 
Office  NWP  application,  the  first  guess  for  temperature  and  water  profiles  are 
obtained  from  the  prediction  of  the  NWP  model  itself  (Eyre,  1989).  It  is 
estimated  that  this  will  provide  a  guess  temperature  profile  withiir  2K  of  the 
correct  profile  and  water  vapor  to  50%  at  the  NWP  levels.  For  ^irievaLs  at 
NOAA/NESDIS,  a  classification  scheme  has  been  implemented  to  attain  a  guess 
profile  close  to  the  true  solution,  then  the  PLS  method  is  applied  (MacMillan, 
1989)  . 

Strategies  for  the  solution  of  non  linear  minimization  problems  are 
widely  studied  in  optimization  theory.  An  approach  that  facilitates  the 
retrieval  procedure  is  the  solution  of  the  problem  in  sub-spaces  in  advance  of 
seeking  a  solution  in  the  full  space.  The  reason  for  this  is  that  the  smaller 
matrices  are  generally  better  conditioned  than  the  larger  matrices;  the  sub¬ 
problem  is  better  posed  than  the  full  problem.  This  has  implications  for  the 
question  of  sequential  versus  simultaneous  retrievals  aid  fo "  retrieval  of 
atmospheric  profiles  for  the  limb  case.  It  is  instructive  to  consider  an 
example  of  this  strategy  for  the  retrieval  of  temperature  and  water  vapor 
using  microwave  and  infrared  channels.  First  a  temperature  profile  would  be 
retrieved  using  microwave  channels  least  affected  by  water  vapor  or  other 
molecular  absorption,  since  this  is  essentially  a  linear  problem.  Then  the 
infrared  radiances  would  be  included  and  a  refined  atmospheric  temperature 
profile  obtained.  Next,  water  radiance  channels  would  be  included  and  a  water 
vapor  profile  obtained  using  the  previously  obtained  temperature  profile. 
Finally,  the  full  problem  would  be  treated  retrieving  simultaneously  tempera¬ 
ture  and  water  vapor  profiles.  The  current  path  characterization  code  has  the 
capability  to  study  such  strategies  in  a  relatively  straightforward  manner. 
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5.  COMPREHENSIVE  ERROR  ANALYSIS 


This  section  describes  a  comprehensive  error  analysis  package  that  has 
been  developed  based  on  Rodgers'  work  (see  Rodgers,  1990)  and  incorporated 
into  the  retrieval  program.  This  algorithm  provides  an  estimate  of  the 
covariance  of  the  retrieval  errors  that  includes  the  effect  of  the  measurement 
noise  and  the  uncertainty  on  the  prior  information  which  constrains  the 
inversion.  A  measure  of  the  performance  of  the  retrieval  is  derived,  whenever 
possible,  from  a  comparison  of  the  covariance  of  the  state  parameters  before 
and  after  measurement.  The  important  problem  of  the  effects  of  errors  in  the 
forward  model  parameters,  which  have  not  been  explicitly  considered  in  the 
current  version  of  the  algorithm,  will  also  be  discussed  in  this  section. 

5 . 1  Theory 

5.1.1  Perfect  Model  Case 

In  the  following  it  is  assumed  that  the  solution  xn  at  the  nth  iteration 
lies  sufficiently  close  to  the  target  profile  so  the  forward  model  in  a 
linearized  form, 

rn  =  K(x-xn)  -  «r,  (5.1) 

i ^  the  measurement  noise,  is  valid.  Using  (5.1)  in  the  general 
solution  ;  iven  Lu  Eq .  (4.6)  leads  to  the  following  expression  for  the  new 
estimate'  xn+^  of  x 

xn+1  -  xn  -  H"1KTWK  (x-xn)  +  H'Vw  €  .  (5.2) 

lo  arranging  Che  terms  in  Eq .  (5.2)  to  give  xn+^  as  a  departure  from 

:< , 

xn+1  -X  -  H'1r(xn-x)  +  H_1KTW  C  .  (5.3) 

Equation  (5.3)  expresses  the  total  error  in  the  retrieved  parameters  as  the 
sum  of  a  "null-space"  error,  so-called  because  it  corresponds  to  those  para¬ 
meters  that  cannot  be  measured  by  the  observing  system,  and  the  contribution 
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of  measurement  errors.  The  total  error  covariance  can  be  calculated  from 
Eq.  (5.3)  as 


S-Sjj  +  Sjj  (5.4) 

where , 

SN  -  H'1(rSx  D  H'1  (5.4a) 

and 

SM  -  H'1  (KTS  _1K)  H'1  (5.4b) 

n  r 


are  respectively  the  null -space  and  measurement  error  covariance  matrices  (it 
was  assumed  here  that  W  -  Sr"^).  For  the  maximum  likelihood  method,  r  -  sx  ^ 
and  a  much  simpler  form  of  (5.4)  is  obtained, 

S  -  H’1.  (5.5) 

Note  that  it  is  the  covariance  of  the  first  guess,  Sx,  that  has  been  used  in 
Eq.  (5.4a)  instead  of  the  covariance  of  x11,  the  solution  parameters  at  the  nth 
iteration.  This  approximation  is  valid  since  the  values  of  parameters  that 
belong  to  the  null -space  of  the  observing  system  remain  close  to  the  values  of 
the  initial  guess.  Outside  the  null-space,  the  total  error  is  dominated  by 
the  measurement  error  and  the  impact  of  replacing  xn  by  x°,  in  Eq.  (5.3),  is 
generally  minor. 

5.1.2  Model  Errors 

Model  error  is  an  issue  that  has  not  been  considered  in  the  previous 
development.  We  are  concerned  here  with  the  systematic  bias  in  the  estimate 
of  the  observed  radiance  residuals  that  arises  from  errors  in  the  forward 
model  such  as  spectral  line  data,  continua,  photometric  calibration,  radiance 
algorithms  and  atmospheric  layering.  In  principle,  these  biases  can  be 
estimated  based  on  a  large  number  of  independent  measurements  or  can  be 
removed  by  tuning  of  the  forward  model.  When  model  tuning  is  not  performed, 
it  is  possible  to  account  for  the  systematic  errors  in  the  above  error 
analysis  by  adding  in  Eq.  (5.4)  an  extra  term  of  the  form, 

Ss  "  H’1  ^^b^WR]  H_1  (5.6) 
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where  represents  the  sensitivity  of  the  measurements  to  the  model 
parameters  and  is  the  covariance  of  our  knowledge  of  the  model 
parameters.  In  this  probabilistic  approach,  Ss  is  the  compon'~:.t  of  the  total 
error  covariance  that  is  due  to  the  uncertainties  on  the  model  parameters. 

The  expression  for  Sg  given  in  Eq .  (5.6)  is  similar  to  the  one  suggested  by 
Rodgers  (1990).  Although  this  expression  incorporates  the  effects  of  the 
model  errors  in  a  mathematically  consistent  way,  it  is  difficult  to  apply  as 
such  when  dealing  with  line-by-line  models.  In  this  case,  the  large  number  of 
parameters  that  are  to  be  considered  makes  it  cumbersome  to  attempt  to  evalu- 
ate  K^.  As  a  possible  shortcut,  a  rough  estimate  of  S'^  =  can  be 

obtained  from  a  comparison  of  radiance  calculations  that  are  performed  using 
perturbed  forward  model  parameters  such  as  different  spectral  line  parameters. 
When  the  model  errors  are  taken  into  account  in  the  solution,  the  general 
expression  for  the  total  error  covariance  becomes 

s  =  H^rrs  r  +  kt  (s  +  s,l)'1k]  h'1.  (5.7) 

x  r  b 

It  should  be  noted  that  the  error  due  to  effects  such  as  aerosol  and  cloud 
contamination  which  would  give  rise  to  systematic  errors  if  only  molecular 
absorption  is  included  in  the  forward  model,  can  be  included  in  the  present 
treatment  of  model  error. 

5.1.3  Retrieval  Performance 

The  matrix  S  as  given  by  Eq .  (5.7)  can  generally  be  taken  as  a  good  esti¬ 
mate  of  the  covariance  matrix  of  the  retrieval  in  nonlinear  problems,  at  least 
when  K  does  not  vary  rapidly  with  x.  One  can  therefore  assess  the  performance 
of  the  retrieval  by  comparing  S  to  the  covariance  of  the  a  priori  information. 
The  simplest  measure  of  the  performance  of  the  system  involves  the  diagonal 
elements  of  these  matrices  which  contain  the  variances  of  the  state  para¬ 
meters.  It  is  useful  for  instance  to  evaluate  the  reduction  in  the  variance 
of  each  individual  parameter  as  a  consequence  of  the  measurement.  Similarly, 
it  is  common  to  use  the  rms  error,  obtained  in  this  context  as  the  trace  of 
the  covariance  matrix,  as  a  performance  index  for  the  whole  profile.  However 
these  diagnostics  may  be  sometimes  misleading  as  they  do  not  take  into  account 
the  correlations  between  the  errors  at  different  levels.  In  that  sense,  the 
concept  of  "information  content"  (Rodgers,  1976)  is  more  appropriate.  The 
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information  content  of  a  measurement  is  defined  as  the  change  AH  in  the 
entropy  of  the  probability  density  function  of  x  due  to  the  retrieval  process. 

Assuming  that  the  error  statistics  are  Gaussian,  the  information  content 
of  a  measurement  is  given  by 

AH  -  |  log2  | S |  -  \  log2  |Sx|,  (5-8) 

where  ||  designates  the  determinant  of  a  matrix  (see  Rodgers,  1976). 

5.2  Algorithm  Description 

The  different  actions  taken  by  the  error  analysis  algorithm  depend  on  the 
nature  of  the  information  supplied  by  the  user.  These  are  summarized  in  a 
diagram  of  Figure  5-1. 

A  full  error  analysis  can  be  carried  out  only  if  the  a  priori  error 
covariance  of  the  state  parameters,  Sx,  and  the  channels  weights,  W,  are 
provided.  When  Sx  is  not  available  a  solution  profile  can  still  be  obtained 
with  the  ridge  regression  method.  However,  the  algorithm  will  not  perform  the 
complete  diagnosis  of  the  retrieval  and  will  provide  only  an  estimate  of  the 
measurement  errors . 

As  far  as  the  channel  weights  are  concerned,  the  matrix  W  is  treated  as  a 
diagonal  matrix.  No  provision  has  been  made  yet  for  dealing  with  inter- 
channel  correlations.  The  user  can  input  the  elements  (W^)  directly  or 
choose  to  enter  a  set  of  standard  deviations  of  the  measurement  noise  either 
in  radiance  units  or  in  equivalent  brightness  temperature.  The  weights  are 
scaled  internally  by  a  factor  a  such  that, 


N 


i-1 


where  N  is  the  number  of  non-zero  elements.  The  solution  profile  remains 
unchanged  if  both  W  and  T  are  multiplied  by  a  constant.  The  purpose  of  the 
scaling  is  to  fix  the  range  of  reasonable  values  of  the  damping  factors, 
thereby  facilitating  the  tuning  of  the  solution  whenever  the  conventional 
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igure  5-1.  Flow  diagram  of  the  FASCODE  retrieval  error  analysis  for  the 
maximum  likelihood  and  ridge  regression  options.  The  circled 
names  correspond  to  the  user  input  data  (here  VGUESS  is  the  error 
covariance  matrix  of  the  first  guess).  The  quantity  a  is  a  scale 
factor  applied  to  the  input  data  (see  text). 
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ridge  regression  method  is  used.  It  is  easily  shown  that  in  this  case,  an 
appropriate  expression  for  the  covariance  of  the  solution  is, 


T*  #  1  T  9  *  -  1  ' 

(K  w  k  +  r  )  [qK  w  k  +  r  s  r  ] 


T  '  '  -1 

(K  B  K  +  T  )  , 


(5.9) 


i  i  > 

where,  W  -  oSr  is  the  scaled  channel  weights  matrix  and  T  is  the  matrix 
that  contains  the  input  values  of  the  damping  parameters. 

In  order  to  facilitate  the  comparison  with  the  ridge  regression  method, 
it  was  decided  to  treat  the  weights  in  the  same  way  when  the  maximum  likeli¬ 
hood  option  is  selected.  In  this  case,  the  scaling  is  applied  to  Sx'^  also. 

'  _  i 

The  covariance  of  the  solution  can  be  obtained  directly  in  terms  of  S  — 

- 1  < .  i  .1 

aSx  and  Sr  -  aSr  ,  as 

T  '  -1  '  -1  -1 

S  -  a(K  S  K  +  S  )  .  (5.10) 

r  x 


One  interesting  feature  of  the  program  is  its  ability  to  carry  out  the 
error  analysis  in  the  absence  of  a  complete  characterization  of  the  measure¬ 
ment  noise  when  the  ridge  regression  method  is  used.  In  this  case,  the 
program  will  supply  the  missing  information  by  performing  an  analysis  with  the 
measurement  residuals.  In  the  simple  situation  considered  so  far,  it  is 
assumed  that  only  the  relative  weighting  of  the  channels  is  known  to  the 
user.  In  other  words, 

W*  -  aS  ‘1 
r 


where  a  is  now  an  unknown  multiplicative  constant.  Noting  that  the  variance 
o 

a  of  the  weighted  measurement  noise  is  precisely  equal  to  a, 


a2I  -  PSrP  =  al,  (5.11) 

O 

where  P  is  a  symmetric  matrix  such  that  P  =W,  a  convenient  estimate  of  a  is 

7?  r  2  /  r  2 

i  n  ,  n 

a - -  -  — — -  ,  (5.12) 

tr [ I -R(r' ) ]  N-tr[R(r*)] 
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with  R(T')  -  PKH^KP  (see  Engle  et  al .  ,  1986).  By  analogy  with  the  standard 
linear  regression  formula,  we  can  define  the  number  of  equivalent  parameters 
by  tr[R(r')].  It  is  important  to  point  out  that  a  is  a  good  estimate  of  a 
when  the  damping  is  not  too  strong.  In  fact,  the  damping  of  the  solution 
introduces  a  bias  in  the  calculated  radiances.  However,  when  correct  values 
of  T  are  used,  the  constraints  affect  mainly  the  null-space  of  the  observing 
system  and  this  bias  is  only  important  in  the  transition  region  between  null 
space  and  measurement  space . 

Finally,  the  output  listing  for  the  full  error  analysis  includes  the 

variances  of  the  retrieved  parameters,  S^,  as  well  as  the  a  priori  variances 

S  Also  listed  are  the  fraction  of  unexplained  variances  (FUV)  defined  for 

xii 

the  ith  parameter  as 

S.  . 

FUV ( i )  -  .  (5.13) 

x.  . 

n 

6.  PATH  CHARACTERIZATION  RESULTS 

The  path  chaiacterizatiori  method  has  been  applied  to  a  number  of  problems 
including  the  retrieval  of  temperature  and  water  vapor  profiles  from  SCRIBE 
(Stratospheric  Cryogenic  Interferometric.  Balloon  Experiment)  radiance  spectra 
(Murcray  et  al.,  1984;  1985).  This  has  proven  to  be  a  particularly 
interesting  retrieval  because  we  have  been  able  to  identify  errors  in  the 
intensities  for  some  of  the  weaker  carbon  dioxide  bands  on  the  HITRAN  data 
base.  This  has  been  accomplished  following  the  adjustment  of  the  state 
parameters  using  the  present  retrieval  method.  This  retrieval  application  to 
the  SCRIBE  data  will  be  described  at  greater  length  in  the  final  report  under 
contract  19678  -  86 ■ C-01 72 .  Here  we  describe  the  results  for  two  cases.  The 
first  is  a  simulation  case  based  on  the  microwave  AMSU  (Advanced  Microwave 
Sounding  Unit)  channels.  This  case  was  chosen  since  the  temperature  retrieval 
in  this  spectral  region  is  a  linear  problem  and  can  be  used  to  study  the  path 
characterization  model  from  the  po i nt - of - vi ew  of  Sections  4  and  5.  Ve  also 
performed  retrieval  for  water  vapor  and  a  simultaneous  retrieval  for 
temperature  and  water  vapor  for  this  case.  The  second  problem  we  have  studied 
is  the  retrieval  of  ozone  from  an  aircraft  measurement  with  the  U.  of 
Wisconsin  Mi"  (Ulph  resolution  interferometer  Sounder),  (Smith  et  al . ,  1983). 


6.1  AMSU  Test  Case 


The  channels  for  the 
numbers  4,  8,  11,  13,  15, 
..light  be  underdetermined, 


AMSU  test  case  are  provided  in  Table  6 -la.  Channel 
and  17  were  added  in  the  expectation  that  the  system 
the  number  of  state  parameters  being  determined  by 


Table  6-la  Specifications  for  the  channels  used  in  this  analysis  (includes 

AMSU/A  and  AMSU/B) .  The  weights  are  based  on  the  noise  equivalent 
delta  temperature  (NEDT) . 


CHANNEL 

FREQ 

♦  /- 

+  /- 

NUMBER 

(GHZ) 

(GHZ) 

(GHZ  ) 

1 

50.3000 

.00000 

.0000 

2 

52 . 8000 

.00000 

.0000 

3 

53.5957 

.00000 

.0000 

4 

'53.8600 

. 00000 

.  0000 

5 

5  4.4000 

.00000 

.  0000 

6 

5  4.9  400 

.00000 

.0000 

7 

55 . 5000 

.00000 

.0000 

8 

56 . 4000 

. 00000 

.0000 

9 

57.2904 

. 00000 

.  0000 

10 

57.2904 

.21700 

.0000 

t  ! 

57.2904 

. 32214 

.  1000 

1  2 

57.2904 

.32214 

.0480 

1  3 

57.2904 

.3221  4 

.0310 

14 

57.2904 

.32214 

,0220 

15 

57.2904 

.3221  4 

.0140 

1  6 

57.2904 

.322  1  4 

.0100 

1  7 

57 . 2904 

.32  2  1  4 

.  006  5 

1  5 

57.2904 

.322  1  4 

.004  5 

:  9 

: 8 . 7000 

. 00000 

.  0000 

20 

3 1 . 4000 

. 00000 

.0000 

2  l 

89 .0000 

.  00000 

.0000 

22 

23.8000 

. 00000 

.0000 

23 

166.0000 

. 00000 

.0000 

24 

183.3101 

1 . 00000 

.0000 

2  5 

183.3101 

3 . 00000 

.0000 

26 

183.3101 

7 . 00000 

.0000 

RADIANCE 

NEDT 

NER 

CM- 1  STER-1 

K 

W  CM- 1  STER- 

4.595E-10 

.  40 

9.3216E-13 

6 . 353E-10 

.  25 

6 . 4 1 9 5E -  1 3 

6 . 5  4  5  E  -  1  0 

.25 

6  .  6145E- 1 3 

6 . 642E- 10 

.25 

6 . 6799E-13 

6.51 65-  10 

.25 

G.8145E-I3 

S.37CE-10 

.25 

6 . 9505E-13 

6 . 283E-10 

.25 

7 . 09  2  9E -  1 3 

6.S01E-10 

25 

7 . 3248E- 1 3 

6.543E-10 

.  40 

1 . 2093E- 1 2 

6 . 59  1  E-  10 

.  40 

1 . 2093E -  1 2 

6.597E-10 

.  40 

1 . 2093E- 1 2 

6.712E-10 

.  40 

1 . 2093E- 1 2 

6 . 81 4E-10 

.50 

1 .51 16E-12 

6.913E-10 

.  60 

1 -3139E-12 

7 .077E-  10 

.  70 

2. 1 162E-12 

7  .  2  2  1  E  -  1 0 

.  80 

2.4185E-12 

7  .  4  2  3  E  -  1  0 

1 .00 

3.02315-12 

7 . 5  9  2  E  -  1  0 

1  .  20 

3.6278E-12 

4 . 0  C  4  E  -  1  1 

.  30 

9 . 6628E-  1  4 

1  .  2  0  2  E  -  1 0 

.  30 

2.7244E-13 

1  .  29SE-09 

.50 

3.6479E-12 

7  .  4  7  9  E  -  1  1 

.  30 

1 . 5652E-  1  3 

6.312E-09 

.  60 

1 . 5229E-  1  1 

7.490E-09 

.80 

2. 476  1E-I  I 

7.888E-09 

.80 

2 . 476  1  E-  1  1 

8 . 302  E -09 

.  80 

2 . 4761E-1 1 

WEIGHT 


. 1^467 
.34720 
.32704 
. 32066 
. 30E ! 2 
.29618 
.23441 
.  26668 
.09785 
.09785 
.09785 
.09785 
.06262 
.04349 
.03195 
.02446 
.01566 
.01087 
15.32445 
1 .92767 
.01075 
5.8404  1 
.00062 
.00023 
.0002  3 
.00023 


Table  6-lb  The  standard  deviation  (K)  f  the  background  temperature  profile 
for  the  maximum  likelihood  method,  Fig's.  6.4  -  6.7. 


PAR 

LAYER  & 

BACKGR. 

HUM 

PARAMETER 

STD.  DEV. 

1 

17  TEMP 

15.789870 

2 

16  TEMP 

11.249889 

3 

15  TEMP 

5.140039 

4 

14  TEMP 

5.549775 

5 

13  TEMP 

5.870264 

6 

12  TEMP 

8.429709 

7 

11  TEMP 

10.080179 

8 

10  TEMP 

9.979980 

9 

9  TEMP 

9.590099 

10 

8  TEMP 

7.149825 

11 

7  TEMP 

7.071068 

12 

6  TEMP 

7.289719 

13 

5  TEMP 

6.92026 0 

14 

4  TEMP 

7.071068 

15 

3  TEMP 

10.969959 

16 

2  TEMP 

10.989995 

17 

1  TEMP 

13.019985 

18 

SURF  TEMP 

15.000000 
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the  FASCODE  layering,  and  that  additional  measurement  channels  would  be  help¬ 
ful.  The  addition  of  these  layers  eventually  proved  to  be  unecessary  as  will 
be  discussed.  The  central  frequent  and  the  associated  frequency  splittings 
are  given  in  the  next  two  columns.  The  simulated  radiances  were  developed  to 
be  representative  of  a  tropical  model  atmosphere.  This  was  accomplished  by 
replacing  the  U.S.  Standard  temperature  profile  in  the  calculation  of  simulat¬ 
ed  radiances  with  the  tropical  temperature  profile  for  the  temperature  re¬ 
trieval,  the  U.S.  Standard  water  vapor  profile  with  the  tropical  water  profile 
for  the  water  retrieval  and  replacing  both  for  the  simultaneous  retrieval. 

The  atmosphere  has  17  layers;  the  geometry  is  nadir  viewing  from  100  km.  The 
noise  equivalent  brightness  temperature  (NEDT)  for  each  channel  is  provided 
together  the  the  calculated  noise  equivalent  radiance  (NER)  and  the  calculated 
relative  weight.  The  standard  deviations  for  the  background  temperature 
profile  are  indicated  in  Table  6-lb.  These  values  of  the  standard  deviation 
were  estimates  based  on  a  climatological  data  set.  The  weighting  functions 
for  the  AMSU  A  channels  are  provided  in  Figure  6-1  (Houghton  et  al . ,  1984). 

The  first  guess  for  the  temperature  retrieval  is  the  U.S.  Standard  tem¬ 
perature  profile  shown  in  Figure  6 -2a  together  with  the  tropical  temperature 
profile  representative  of  the  correct  solution.  Of  particular  note  is  the 
sharp  temperature  reversal  and  the  low  temperature  at  the  tropopause  for  the 
atmosphere  to  be  retrieved.  In  Figure  6-2b  the  weighting  functions  on  the 
same  log  pressure  scale  as  the  temperature  profiles  are  provided.  The  results 
of  the  PLS  temperature  retrieval  using  the  maximum  likelihood  method  are  indi¬ 
cated  in  Figure  6 -3a.  The  curve  labelled  TROPICAL- STD  represents  the  error  in 
the  first  guess.  The  temperature  residual  profile  labelled  TR0PICAL-C1  is  the 
result  after  one  iteration  and  TR0PICAL-C3  is  the  result  of  the  third  itera¬ 
tion.  The  radiances  used  for  this  retrieval  set  are  without  measurement  noise. 

The  derivatives  were  computed  in  the  reference  representation,  the  U.S. 
Standard  atmosphere.  Of  particular  interest  is  the  ability  of  the  PLS 
algorithm  to  retrieve  the  cold  and  sharp  tropopause  of  the  tropical  atmosphere 
as  evidenced  by  the  temperature  residuals  at  100  mb.  In  Figure  6 -3b  the  ±  la 
errors  for  the  temperature  retrieval  are  provided.  At  lower  pressures,  the 
errors  approach  those  of  the  estimated  error  covariances  of  the  first  guess. 
This  is  further  evidenced  by  the  retrieval  results  in  which  the  error 
approaches  that  of  the  first  guess  below  0.4  mb.  It  may  also  be  noted  that 
above  500  mb  the  retrieval  error  is  less  than  two  degrees  and  is  0.34K  at  the 
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WEIGHTING  FUNCTIONS 

Figure  6-1.  Weighting  functions  for  the  AMSU/A  channels  (from  Hougton  et  al  , 
1984). 
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AT  M  0  SPHERIC  PROFILES 
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surface.  At  lower  pressures  the  error  is  less  than  4K  until  the  10  mb  level  s 
reached. 


6.1.1  Temperature  Retrieval 

Table  6-2  contains  the  results  for  this  temperature  retrieval.  Column  C2 
gives  the  temperature  used  in  the  FASCODE  forward  model  calculation  for  the 
third  iteration.  The  linearly  predicted  constants  are  given  by  column  C3  with 
the  indicated  probable  error  (lcr).  Since  the  maximum  likelihood  method  is 
used,  the  damping  is  achieved  through  the  first  guess  error  covariance  so  the 
damping  factors  including  GAMMA  are  presented  as  zero.  The  equivalent  para¬ 
meter  or  fit  index  (EPI)  is  provided  in  the  final  column,  zero  indicating  that 
the  parameter  is  in  null  space  and  one  in  measurement  space.  The  number  of 
equivalent  parameters  is  obtained  from  the  sum  of  EPI  which  for  this  case 
gives  10.96,  the  possible  number  of  state  variables  being  18  for  the  problem. 
Of  interest  is  the  estimated  noise  value  obtained  from  the  residuals  associ¬ 
ated  with  the  retrieval  compared  with  that  based  on  the  assumed  standard  deri¬ 
vation  of  the  measurement  noise.  After  three  iterations  the  variance  for  this 
retrieval,  which  did  not  include  noise  in  the  simulated  radiances,  is  0.11576 
of  that  based  on  the  assumed  measurement  noise.  The  fact  that  it  is  not  zero 
may  be  attributed  to  possible  error  contributions  from  the  null  space  transi¬ 
tion  regions,  lack  of  full  convergence,  and  discrete  numerical  effects  in  the 
forward  problem. 


Table  6-3  provides  explanatory  information  related  to  the  retrieval 
including  the  reference  state  parameters,  x°,  the  change  in  state  variable  for 
the  derivatives,  the  difference  between  the  current  state  variable  results 
(C3)  and  the  reference  values  and  the  percentage  changes.  The  latter  quantity 
is  especially  relevant  for  the  retrieval  of  column  abundances.  For  cases  in 
which  simulated  data  is  used,  columns  providing  the  state  values  for  the 
simulated  case,  the  difference  between  the  simulated  and  r  >rence  case  and 
the  difference  between  simulated  and  the  current  result  are  provided.  Note 
that  it  is  these  latter  values  that  are  plotted  in  Figure  6-3a. 


Having  established  that  the  number  of  equivalent  variables  for  the 

extended  AMSU  channels  was  substantially  less  than  the  number  of  measurement 

channels,  the  experiment  for  the  original  AMSU  channel  set  was  considered  by 

setting  the  weights  for  the  added  channels  to  zero  (SD  set  large  for 

Kii 

channels  4,  8,  1,  13,  15  and  17).  The  results  of  this  retrieval  are  provided 
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Table  6-2  Results  from  the  second  iteration  for  the  temperature  retrieval 
showing  the  constants  C2(x^),  the  predicted  change  DELC3 ,  the 
predicted  temp  C3(xJ),  and  the  probable  error  using  MLM. 


MICROWAVE  RUN  •  AMSU  CHANNELS  *  TROPICAL  TEMPERATURE  PROFILE  INVRT  89/12/13  09.37.20 

FASCOOE  PATH  CHARACTERIZATION  RETRIEVAL 
GAMMA  =  0.000E+00 


PAR 

LAYER  & 

C2 

DEL 

C3 

PROBABLE 

PERCENT 

DAMPING 

FIT 

NUM 

PARAMETER 

SV 

C3 

SV 

ERROR  FOR  C3 

DEL  C3/C2 

FACTOR 

INDEX 

1 

17  TEMP 

213.826521 

.065454 

213.891975 

15.670800 

.030611 

0.000E+00 

.015025 

2 

16  TEMP 

226.831400 

.106175 

226.937575 

10.765889 

.046808 

O.OOOE+OO 

.084194 

3 

15  TEMP 

238.999616 

.039793 

239.039409 

4.985886 

.016650 

O.OOOE+OO 

.059082 

4 

14  TEMF 

253.272694 

.057969 

253.330663 

5.161775 

.022888 

O.OOOE+OO 

.134938 

5 

13  TEMP 

266.045472 

.050774 

266.096246 

5.248437 

.019085 

0.000E+00 

.200636 

6 

12  TEMP 

273.037437 

-.082282 

272.955155 

6.459797 

-.030136 

0.000E+00 

.412764 

7 

11  TEMP 

260.863089 

-.192242 

260.670847 

7.339175 

-.073695 

O.OOOE+OO 

.469900 

8 

10  TEMP 

248.66323 7 

.114151 

248.777388 

5.545287 

.045906 

0.000E+00 

.691263 

9 

9  TEMP 

240.255829 

-.060427 

240.195402 

3.875051 

-.025151 

O.OOOE+OO 

.836729 

10 

8  TEMP 

228.282258 

.164168 

228.446426 

3.476311 

.071915 

O.OOOE+OO 

.763601 

11 

7  TEMP 

219.708495 

-.227969 

219.480526 

2.908806 

-.103760 

0.000E+00 

.830777 

12 

6  TEMP 

203.956787 

.281039 

204.237826 

2.333386 

.137793 

O.OOOE+OO 

.897541 

13 

5  TEMP 

203.002734 

-.549828 

202.452906 

2.611045 

-.270847 

O.OOOE+OO 

.857641 

14 

4  TEMP 

222.822813 

.938184 

223.760997 

3.168437 

.421045 

O.OOOE+OO 

.799220 

15 

3  TEMP 

246.876506 

-.903354 

245.973152 

2.933627 

-.365913 

O.OOOE+OO 

.928485 

16 

2  TEMP 

270.418298 

.243394 

270.661692 

1.462342 

.090006 

O.OOOE+OO 

.982283 

17 

1  TEMP 

291.021090 

.047790 

291.068880 

1.076954 

.016422 

O.OOOE+OO 

.993158 

18 

SURF  TEMP 

299.955780 

.021038 

299.976818 

.346188 

.007014 

O.OOOE+OO 

.999467 

STM.  UGHTED  NOISE  VAR.»  6.3707E-28  TRUE  WGHTEO  NOISE  VAR.«  5.5032E-27  RATIO-  1.1576E-01 
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Tab Le  6  -  3 . 


Retrieval  results  for  a  case  with  simulated  data.  REF  indicates 
the  constants  for  the  first  guess,  DEL  refers  to  the  parameter 
increment  for  the  derivatives  and  SIM  indicates  the  constants  for 
the  simulated  data. 


MICROWAVE  RUN  •  AMSU  CHANNELS  -  TROPICAL  TEMPERATURE  PROFILE  INVRT  89/12/13  09.37.20 


REFERENCE  ANO  SIMULATION  DATA 


PAR 

LAYER  & 

REF 

DEL 

DIF 

PERCENT 

SIM 

DIF 

DIF 

NUM 

PARAMETER 

DATA 

DERIV 

C3-REF 

<C3*REF)/REF 

DATA 

SIM-REF 

SIM-C3 

1 

17  TEMP 

212.430000 

2.000000 

1.461975 

.688215 

207.890000 

-4.540000 

-6.001975 

2 

16  TEMP 

224.480000 

2.0C00C0 

2.457575 

1.094786 

224.910000 

.430000 

-2.027575 

3 

15  TEMP 

238.100000 

2.000000 

.939409 

.394544 

241.950000 

3.850000 

2.910591 

4 

14  TEMP 

251.810000 

2.000000 

1.520663 

.603893 

256.590000 

4.780000 

3.259337 

5 

13  TEMP 

264.180000 

2.000000 

1.916246 

.725356 

265.720000 

1.540000 

-.376246 

6 

12  TEMP 

269.750000 

2.000000 

3.205155 

1.188195 

269.180000 

-.570000 

-3.775155 

7 

11  TEMP 

259.240000 

2.000000 

1 .430847 

.551939 

260.920000 

1.680000 

.249153 

8 

10  TEMP 

245.050000 

2.000000 

3.727388 

1.521073 

250.050000 

5.000000 

1.272612 

9 

9  TEMP 

232.150000 

2.000000 

8.045402 

3.465605 

239.190000 

7.040000 

-1.005402 

10 

8  TEMP 

225.020000 

2.000000 

3.426426 

1.522721 

229.070000 

4.050000 

.623574 

11 

7  TEMP 

220.580000 

2.000000 

*1.099474 

*.498447 

219.120000 

-1.460000 

* ,360526 

12 

6  TEMP 

217.010000 

2.000000 

•12.772174 

*5.885523 

204.480000 

-12.530000 

.242174 

13 

5  TEMP 

216.700000 

2.000000 

-14.247094 

-6.574570 

202.240000 

-14.460000 

-.212906 

14 

4  TEMP 

217.210000 

2.000000 

6.550997 

3.015974 

224.210000 

7.000000 

.449003 

15 

3  TEMP 

231.770000 

2.000000 

14.203152 

6.128124 

245.680000 

13.910000 

-.293152 

16 

2  TEMP 

256.060000 

2.000000 

14.601692 

5.702449 

270.620000 

14.560000 

-.041692 

17 

1  TEMP 

278.890000 

2.000000 

12.178880 

4.366912 

291.400000 

12.510000 

.331120 

18 

SURF  TEMP 

288.200000 

2.000000 

11.776818 

4.086335 

299.700000 

11.500000 

-.276818 

REGION  a  1  VI  1  1.673  V 2  -  1.673  DV  =  8.584E-07  NLIM  «  26 

TIMING  FOR  INVRT 


READ  AMAT 

.7900  .5280 

EIGN 

.0000 

INVT 

.2640 

MULT 

.5980 

STAT 

.0590 

OUTP 

.1550 

TIME  LEAVING  INVRT 

10.2830 

TOTAL 

2.5650 

So 


In  Figure  6 -4a  and  the  ±1 a  error  in  Figure  6 -4b.  It  may  be  noted  that  at  the 
third  iteration,  the  retrieval  residuals  for  the  temperature  profile  are 
slightly  greater  than  those  for  the  extended  channel  set.  The  retrieval 
errors  are  only  slightly  greater  than  those  for  the  extended  channel  set  and 
the  probable  errors  are  only  slightly  larger,  with  the  biggest  difference 
being  somewhat  over  IK  at  10  mb. 

For  this  near  linear  case,  the  retrieval  of  the  temperature  profile  in 
the  microwave,  the  PLS  algorithm  performs  extremely  well.  A  nearly  correct 
solution  is  obtained  at  the  third  iteration  even  though  the  initial  guess  is 
far  from  the  correct  solution.  The  oscillating  character  of  the  temperature 
residuals,  referred  to  previously  as  jacknifing,  is  apparent  in  the  early 
stages  of  the  retrieval.  By  the  third  iteration  this  effect  has  diminished  to 
a  level  small  compared  with  the  probable  retrieval  error.  In  Figure  6 -5a 
and  6 -5b  we  indi  '.ate  the  effect  of  decreasing  the  variance  of  the  measurement 
error  by  a  factor  of  two.  The  retrieval  error  (±lo)  decreases  by  a  factor  of 
two  for  parameters  in  measurement  space  and  is  unchanged  for  parameters  in 
null  space  as  expected.  The  transition  regime  from  measurement  space  to  null 
space  extends  over  a  rather  large  pressure  range,  roughly  80  mb  to  1  mb. 

A  final  test  of  the  retrieval  procedure  consists  of  invoking  the  option 
to  add  noise  to  the  simulated  data  and  is  shown  in  Figure  6-6.  The  level  of 
the  measurement  noise  is  determined  by  the  equivalent  brightness  temperature 
noise  specified  for  the  channel.  This  test  was  performed  after  the  first 
iteration;  consequently,  the  temperature  profile  residuals  are  slightly 
different  from  those  of  the  previous  examples.  The  temperature  retrieval 
residuals  with  noise  are  entirely  consistent  with  the  probable  error  as  given 
in  Figure  6 -4b. 

6.1.2  Pulse  Retrieval 

An  interesting  question  arises  as  to  the  ability  of  a  retrieval  algorithm 
of  this  type  to  treat  discontinuities  in  the  atmospheric  profile.  To  demon¬ 
strate  the  response  of  the  PLS  algorithm,  we  have  performed  two  retrievals 
containing  discontinuities  in  the  atmospheric  temperature  profile:  one  in 
which  the  temperature  of  the  550  mb  layer  is  increased  by  3K  and  one  in  which 
the  temperature  of  the  61  mb  layer  is  increased  by  3K.  For  these  tests,  no 
measurement  noise  has  been  added  to  the  simulated  radiances.  The  retrievals 
for  these  cases  are  shown  in  Figures  6-7a  and  6-7b,  respectively.  In  the 
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Figure  6-4a.  Temperature  retrieval  results  using  Figure  6-4b.  Probable  error  (la)  of  the 

MLM  with  the  AMSU  channels  only.  temperature  profile  using  MLM  with 

The  sioulated  radiances  do  not  Include  the  AMSU  channels  only. 
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Figure  6-6.  Temperature  profile  residuals  as  a  function  of  iteration  number  for  the  case  in  which  random 
noise  has  been  added  to  each  channel. 


550  mb  case  the  temperature  is  retrieved  very  accurately,  but  the  oscillatory 
behavior  at  the  other  levels  has  increased  significantly.  This  ringing  effect 
would  be  reduced  by  performing  additional  iterations;  the  results  we  show  are 
for  a  single  iteration.  For  the  61  mb  case,  in  which  the  pulse  is  added  to  a 
layer  close  to  the  tropopause,  the  pulse  temperature  is  not  as  well  retrieved. 
The  ringing  effect  is  also  apparent  for  this  case.  Again,  if  the  problem  were 
iterated  the  solution  would  converge  on  the  atmospheric  profile  including  the 
discontinuity.  Although  this  capability  of  reproducing  a  discontinuity  may  be 
regarded  as  an  advantage  of  the  present  method,  it  is  the  same  property  of  the 
algorithm  that  allows  it  to  follow  the  noise.  So,  while  a  more  statistical 
approach  may  have  the  advantage  of  being  less  influenced  by  measurement  noise, 
it  has  limited  capability  for  retrieving  discontinuities.  In  a  more  extended 
sense,  the  statistical  approach  has  less  capability  to  describe  unusual  or 
extreme  situations,  but  may  be  expected  to  perform  better  on  "average". 

6.1.3  Water  Vapor  Retrieval 

The  next  aspect  of  the  AMSU  measurement  set  that  we  have  considered  is 
the  retrieval  of  water  vapor.  In  this  case  the  simulated  data  were  obtained 
by  replacing  the  water  vapor  column  abundances  for  the  reference  atmosphere 
(U.S.  Standard)  by  the  column  abundances  for  the  tropical  atmosphere  and 
running  the  forward  model.  The  mixing  ratio  profiles  for  the  two  atmospheres 
are  given  in  Figure  6-8.  Of  particular  interest  is  the  much  higher  water 
vapor  mixing  ratio  at  the  higher  atmospheric  pressure  levels  for  the  tropical 
atmosphere,  approximately  a  factor  of  three  times  greater  than  for  the  U.S. 
Standard.  The  weighting  functions  for  both  the  tropical  and  the  U.S.  Standard 
atmospheres  for  the  AMSU  water  vapor  channels  related  are  provided  in 
Figures  6-9a  and  6-9b.  Of  particular  note  here  are  the  significant  vertical 
shifts  in  the  peaks  of  the  weighting  functions  for  the  two  atmospheres  which 
is  consistent  with  the  differences  in  the  mixing  ratio  profiles.  Since  this 
is  a  nonlinear  retrieval,  this  altitude  shift  has  the  potential  to  cause 
difficulty  in  the  retrieval.  In  Figure  6 -10a  we  show  the  residuals  expressed 
as  a  percentage  change  from  the  correct  solution  from  the  first  guess, 
TROPICAL-US  STD;  for  the  first  iteration,  TR0PICAL-C1;  and  after  the  second 
iteration,  TR0PICAL-C3.  The  variable  chosen  in  the  algorithm  for  the 
retrieval  of  column  abundances  is  percentage  change.  This  variable  may 
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equally  well  be  considered  as  applied  to  the  layer  column  amounts  or  to  the 
layer  mixing  ratios,  since  these  two  variables  are  linearly  related.  The 
water  vapor  profile  is  well  retrieved,  ~±10% ,  for  pressures  above  300  mb  as 
evidenced  by  Figure  6-10a.  At  lower  pressure  levels,  the  water  vapor  state 
parameters  are  essentially  in  null  space.  This  is  partially  due  to  the 
location  of  the  weighting  function  peaks  as  indicated  in  Figure  6-10b  but  more 
importantly  due  to  the  rapid  decrease  in  the  column  abundances  of  water  vapor 
as  a  function  of  altitude.  The  transition  region  from  measurement  space  to 
null  space  occurs  rapidly  from  300  mb  to  200  mb  as  indicated  in  the  ±  la  error 
result  of  Figure  6-11.  Only  three  of  the  17  layer  levels  are  outside  of  null 
space  for  this  case  and  the  effective  number  of  parameters  is  approximately 
one . 

Finally,  the  results  for  the  simultaneous  retrieval  are  provided  in 
Figure  6 -10a  with  parameter  error  provided  in  Figure  6 -10b.  There  is  some 
increased  instability  in  the  temperature  retrieval  for  this  case.  Although 
the  temperature  part  of  this  retrieval  may  be  considered  linear,  the  entire 
problem  is  nonlinear  due  to  the  simultaneous  treatment  of  water  vapor.  Had 
the  initial  guess  been  taken  from  the  results  of  the  previous  two  retrievals, 
then  the  simultaneous  retrieval  would  likely  have  converged  in  the  first 
iteration  to  a  very  accurate  result.  The  retrieved  water  vapor  profile  for 
the  simultaneous  retrieval  is  somewhat  improved  over  the  previous  retrieval 
for  water  vapor  alone. 

6.2  HIS  Ozone  Retrieval  Test  Case 

The  PLS  method  has  also  been  applied  to  the  retrieval  of  an  ozone  profile 
from  data  taken  with  the  University  of  Wisconsin  High  Resolution  Interfero¬ 
meter  Sounder  (HIS)  (Smith  et  al.,  1983).  The  data  were  taken  with  the  NASA 
ER2  at  19.6  km  with  a  nadir  view. 

The  initial  validation  of  FASCODE  with  these  measurements  has  been 
described  by  Clough  et  al.  (1989).  The  measured  unappodized  radiance  spectrum 
in  equivalent  brightness  temperature  from  600-1100  cm"'*'  is  shown  in 
Figure  6-12.  The  difference  between  the  measured  spectrum  of  Figure  6-12  and 
a  forward  model  calculation  with  FASC0D2  using  radiosonde  defined  atmospheric 
parameters  is  shown  in  Figure  6 -13a.  The  strong  spectral  residuals  at 
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Figure  6  - 1 L .  Retrieval  error  (la)  for  water  vapor. 
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e  6-13a.  Difference  between  the  HIS  measured  spectrum  and  a  FASC0D2  calculated 
spectrum  using  a  radiosonde  specified  atmosphere  with  U.S.  Standard 
ozone . 


WAVELENGTH  (MICROMETER) 

16  IS  14  13  12  11  10 


600  650  700  750  800  850  900  950  1000  1050  1100 

WAVENUMBER  ( CM- 1 ) 


Figure  6- 13b. 


Difference  between  an  enhanced  version  of  FASCODE  including  line 
coupling  effects,  improved  carbon  dioxide  intensities,  and  treatment 
CFC11  and  CFC12  absorption  and  the  previous  FASC0D2  calculated 


spectrum . 
exception 


Note  that  most  differences  are  accounted  for  with  the 
of  the  ozone  absorption  region,  980  -  1100  cm'^. 


of 


618  cm*^,  720  cm’^,  741  cm'\  and  791  cm'^"  are  due  to  line  coupling  and  the 
broader  absorption  features  at  850  cm"^  and  925  cm*^  are  due  to  CFC11  and 
CFC12  respectively.  Some  of  the  spectral  differences  at  729  cm’^  are  due  to 
CCl^.  In  Figure  6 -13b  we  show  the  difference  between  a  spectrum  from  an 
improved  FASCODE  model  which  includes  line  coupling  and  CFC11  and  CFC12 
effects  and  the  FASC0D2  model  used  for  Figure  6 -13a.  For  this  improved  model 
a  modified  set  of  carbon  dioxide  intensities  was  required  (Rothman,  1988). 

The  similarity  of  Figure  6-13a  and  6-13b  represents  the  current  state  of  our 
validation  for  FASCODE  and  the  line  data  base  for  this  problem.  Notably, 
however,  the  ozone  region  from  1000  cm'^  to  1100  cm"^  does  not  show  agreement 
and  this  is  primarily  a  consequence  of  an  incorrect  atmospheric  profile  for 
ozone.  The  other  possible  issue  is  the  adequacy  of  the  ozone  lines  on  the 
1986  HITRAN  data  base  (Rothman  et  al.,  1987).  For  the  present  study  we  have 
applied  the  PLS  retrieval  procedure  to  retrieve  an  improved  ozone  profile. 

The  initial  guess  for  the  retrieval  is  the  U.S.  Standard  ozone  profile. 
Figure  6-14  shows  the  HIS  spectrum  of  Figure  6-12  for  the  ozone  region  on  an 
expanded  scale.  In  Figure  6-15a  we  show  the  difference  between  the  measure¬ 
ment  and  a  FASCODE  calculation  using  the  U.S.  Standard  ozone  profile, 

Figure  6 -13a  for  the  ozone  region.  Applying  the  PLS  retrieval  we  obtain  after 
the  second  iteration  the  spectral  residuals  indicated  in  Figure  6-13b.  It 
should  be  emphasized  that  the  rms  deviation  of  these  spectral  residuals  is 
approximately  five  times  the  measurement  noise.  Possible  explanations  for 
this  situation  include  our  failure  to  properly  account  for  the  instrument 
function  of  the  HIS  instrument,  a  small  frequency  calibration  error  in  the 
data,  and  problems  associated  with  the  HITRAN  database.  Current  efforts  to 
deal  with  the  first  two  points  have  realized  a  factor  of  two  improvement  in 
the  residuals.  Of  interest  in  this  difference  spectrum  are  the  reasonably 
strong  spectral  residuals  at  1009  cm'^,  1014  cm'^,  1028  cm*^  and  1066  cm'*\ 
These  residuals  are  due  to  intensity  errors  in  the  weak  water  vapor  lines  in 
this  spectral  region.  With  the  possible  exception  of  the  feature  at 
1066  cm  it  would  have  been  unlikely  that  this  problem  would  have  been 
noticed  using  the  spectral  residuals  of  Figure  6- 15a. 

The  maximum  likelihood  method  has  been  used  to  obtain  the  retrieved 
result.  The  error  covariance  was  quite  arbitrarily  set  to  a  value  cor¬ 
responding  to  an  8%  probable  error  for  the  first  guess.  The  retrieved  ozone 
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6- 15b.  Residuals  in  equivalent  brightness  temperature  as  a  consequence 
of  performing  a  retrieval  for  the  ozone  profile. 
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profile  is  provided  in  Figure  6 -16a.  The  vertical  line  at  0  corresponds  to  no 
change  from  the  first  guess  U.S.  Standard  ozone  profile.  The  retrieval  resi¬ 
duals  marked  Cl -U.S.  STANDARD  are  after  the  second  iteration.  The  derivatives 
are  for  the  reference  profile.  These  results  appear  quite  reasonable  with  the 
possible  exception  of  the  mixing  ratio  change  for  the  first  layer.  An  abrupt 
change  of  this  magnitude  in  the  atmospheric  profile  is  possible  but  bears 
further  analysis.  A  possible  explanation  of  this  result  is  that  the  measure¬ 
ment  is  being  made  in  the  atmosphere  in  a  region  of  high  ozone  concentration 
and  that  the  forward  model  does  not  adequately  model  the  radiance  from  a 
strongly  absorbing  layer  directly  in  front  of  the  measurement.  A  new  algo¬ 
rithm  for  the  computation  of  radiance  has  been  implemented  in  a  recent  version 
of  FASCODE  and  it  will  be  of  interest  to  ascertain  if  this  will  have  an  effect 
on  this  apparent  anomaly. 

6.3  Pressure  Retrieval  of  Lowest  Level 

For  the  examples  of  the  path  characterization  algorithms  presented  here, 
retrievals  for  the  lowest  atmospheric  pressure  level  or  alternatively  the 
pressure  of  the  lowest  layer,  have  not  been  included.  The  implementation  of 
this  capability  was  accomplished  after  the  present  studies  we^e  accomplish¬ 
ed.  Some  general  comments  about  the  retrieval  of  pressure  are  warranted.  For 
the  terrestrial  atmosphere  the  change  in  the  mass  of  a  layer  is  essentially 
independent  of  the  state  parameters  being  retrieved.  Changes  in  layer  temper¬ 
ature  have  an  effect  on  the  density  of  a  layer,  but  not  on  the  mass.  The 
molecules  for  which  the  concentrations  may  be  retrieved  do  not  include  nitro¬ 
gen,  oxygen  and  argon  which  are  principally  responsible  for  the  mass  of  the 
atmospheric  layer,  so  that  the  mass  distribution  by  layer  is  unaffected  by  the 
retrieval.  The  minor  exception  to  this  is  water  vapor  for  which  changes  in 
the  concentration  profile  may  have  a  small  effect  on  pressure;  these  small 
changes  in  pressure  are  negligible  in  terms  of  affecting  the  pressure  broaden¬ 
ing  for  the  layer.  They  can  be  important,  however,  in  terms  of  the  associa¬ 
tion  of  the  layers  with  altitudes  as  is  relevant  for  numerical  weather  predic¬ 
tion  applications.  For  the  path  characterization  algorithm  as  applied  to  the 
earth's  atmosphere,  if  the  hydrostatic  equation  is  satisfied  for  the  reference 
atmosphere,  then  to  good  approximation  it  will  be  satisfied  for  the  retrieved 
atmosphere.  For  applications  to  more  general  inhomogeneous  atmospheres,  the 
retrieval  of  molecular  concentrations  may  sufficiently  alter  the  mass  of  the 
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layers  so  as  to  have  a  non-negligible  effect  on  the  layer  pressure.  In  this 
case  the  interaction  of  the  retrieved  concentration  and  the  pressure  must  be 
included  as  part  of  the  non-linear  problem. 

In  the  context  of  the  path  characterization  algorithm,  the  pressure  at 
the  lowest  atmospheric  level  is  the  state  parameter  which  characterizes  the 
mass,  layer  pressure  and  mass  path  of  the  lowest  layer.  For  nadir  problems 
this  pressure  is  associated  with  the  pressure  at  the  surface  and  for  limb 
cases  it  is  associated  with  the  pressure  at  the  tangent  height.  For  the 
present  implementation,  the  finite  difference  with  respect  to  this  parameter 
is  attained  by  perturbing  the  lowest  altitude  in  the  path  by  a  specified 
amount,  resulting  in  a  perturbation  at  the  lowest  path  boundary.  The  actual 
variable  for  the  problem  is  the  fractional  change  in  the  lowest  level 
pressure,  consistent  with  the  approach  used  for  the  molecular  concentrations. 

7.  PROGRAM  DESCRIPTION  AND  IMPLEMENTATION 

7.1  Program  Overview  and  Description  of  User  Instructions 

7.1.1  Program  RETRVL 

RETRVL  is  the  driver  for  the  Path  Characterization  subroutines.  Several 
features  have  been  built  into  the  program.  These  include: 

•  FAS COD 3 

FASC0D3  is  a  subroutine  to  RETRVL  and  is  called  within  the 
derivative  loop 

•  Radiance  and  Brightness  Temperature  derivatives 

the  user  can  optionally  select  either  radiance  or  brightness 
temperature  derivatives  to  be  calculated 

•  Retrievable  constituents  currently  include  layer  temperature,  water 
and  ozone,  plus  surface  temperature  and  pressure 

•  An  extensive  error  analysis  scheme  is  available 
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7.1.2  RETRVL  Program  Overview 


The  structure  of  the  Program  RETRVL  will  be  discussed  in  Section  7.3,  but 
the  following  provides  an  overview  of  the  program's  operation.  The  first 

thing  that  is  required  in  order  to  run  RETRVL  is  an  idea  of  the  atmosphere  to 

be  retrieved.  Once  an  appropriate  problem  is  selected,  the  user  should  run 
FASC0D3  using  the  IPUNCH  option  to  produce  a  TAPE7  which  can  be  used  as  input 
for  the  retrieval  run.  Once  the  user  has  selected  the  constituent(s)  to  be 
retrieved,  a  run  may  be  accomplished. 

In  order  to  do  a  retrieval  the  user  must  first  select  an  appropriate 

TAPE3  (FASC0D3  Line  File)  and  get  the  initial  TAPE5  as  T5REF.  The  input  file 

RETVCTL  contains  the  control  cards  which  select  or  deselect  the  appropriate 
options.  We  will  assume  for  the  sake  of  discussion  that  all  of  the  options, 
excluding  IFASC3  have  been  selected.  For  this  case  we  require  for  input  the 
following  files: 


TAPE3 
T5REF 
T5S1M 
RETVCTL  - 


FASC0D3  Line  File 
Reference  TAPE5 
Simulated  Radiances  TAPES 
Input  control  file  for  RETRVL 


Upon  entering  RETRVL  the  first  operation  that  is  performed  is  the  calcu¬ 
lation  of  the  Reference  Case.  This  is  the  FASC0D3  run  to  which  all  subsequent 
FASC0D3  calculations  will  be  compared.  The  reference  case  is  calculated  by 
copying  T5REF  to  TAPE5  and  running  FASC0D3.  The  scanned  output  file  is  then 
copied  to  T11SEQ  which  will  form  the  basis  for  the  derivatives. 

The  next  option  is  to  calculated  TllSEQ  itself.  This  requires  the  user 
to  have  selected  constituent(s)  on  which  the  derivatives  will  be  based.  We 
will  assume  that  layer  temperature  and  surface  temperature  were  selected.  The 
first  step  is  to  call  ATMOD  and  have  it  modify  the  temperature  of  the  first 
layer  by  the  quantity  DELSV.  This  will  produce  a  'new'  TAPE3  which  will  con¬ 
tain  the  modification.  FASC0D3  is  then  run  and  the  resulting  scanned  file  is 
copied  directly  after  the  reference  case  onto  TllSEQ.  We  then  continue  around 
the  loop  and  modify  the  next  layer  temperature.  The  resulting  FASC0D3  output 
is  then  copied  to  TllSEQ.  We  continue  in  this  fashion  through  all  of  the 
desired  layers  and  then  for  the  last  run,  we  do  the  surface  temperature.  Once 
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this  FASC0D3  output  file  has  been  copied  to  T11SEQ  this  step  has  been 
completed.  We  now  have  a  file  (T11SEQ)  which  contains  our  reference  run  and 
all  of  the  resulting  outputs  which  were  obtain  from  perturbing  the  atmosphere. 

We  are  now  ready  to  calculate  derivatives.  We  can  either  chose  radiance 
or  brightness  temperature  derivatives.  For  this  case  we  will  call  RADBT  and 
calculate  brightness  temperature  derivatives.  RADBT  takes  T11SEQ  as  input  and 
converts  all  the  radiances  to  brightness  temperatures  and  stores  them  on 
T11BT.  DERIV  is  then  called  and  each  of  the  FASC0D3  runs  is  compared  to  the 
reference  case  and  a  derivative  is  calculated.  The  resulting  file  is  stored 
in  RADERVO. 

The  next  step  is  to  calculate  T11SIM.  This  can  be  real  data,  or  a 
FASC0D3  simulation  on  which  the  retrieval  is  being  tested.  For  this  case  we 
will  use  the  file  T5SIM  to  calculate  a  set  of  simulated  radiances.  The  file 
T5SIM  is  copied  to  TAPE5  and  a  subsequent  FASC0D3  run  produces  our  simulated 
radiances . 

We  now  need  to  produce  a  difference  file  which  the  retrieval  can  use  in 
order  to  attempt  to  retrieve  our  simulation.  Since  the  derivatives  have  been 
calculated  in  brightness  temperature,  we  must  calculate  the  differences  in 
brightness  temperature  also.  So  we  first  call  RADBT  and  it  produces  a  file 
T11SBT  which  contains  the  simulated  brightness  temperature.  This  file  is  then 
compared  with  the  reference  case  on  T11BT  and  the  resulting  difference  is 
written  to  the  file  RADDIFO.  We  now  have  the  required  input  necessary  for  the 
retrieval . 

INVERT  is  now  called  and  a  matrix  inversion  is  performed.  This  produces 
a  vector  which  contains  the  changes  to  the  reference  case  in  order  to  retrieve 
the  simulation.  These  results  are  written  to  the  files  RETVOUT  and  PARAMOT. 
RETVOUT  is  the  full  output  listing,  PARAMOT  is  used  for  the  next  iteration  and 
plotting. 

In  order  to  facilitate  the  next  iteration  we  also  call  ATMDT5  which  reads 
the  files  PARAMOT  and  T5REF  and  produces  a  new  'TAPE5'  called  T3ITR  which  has 
the  'required'  changes  to  the  reference  case.  This  TAPE5  then  becomes  the 
reference  for  the  next  iteration,  or  set  of  derivatives. 
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Appendix  B  contains  the  user  instructions  for  RETRVL.  These  instructions 
will  be  explained  in  further  detail  below.  The  user  instructions  for  FASC0D3 
will  not  be  discussed  here,  but  we  refer  the  user  to  the  FASC0D3  documentation 
for  a  complete  input  description.  Record  1  of  the  user  instructions  for 
RETRVL  is  the  HEADER  which  is  used  for  file  RADDIFO.  This  record  is  required 
for  all  runs  not  just  IFDIF  >  0. 

Record  2  contains  the  main  control  flags  for  RETRVL.  IRCASE  selects  the 
calculation  of  the  reference  case  or  not.  IFSEQ  flags  the  calculation  of  the 
file  TllSEQ  which  contains  the  reference  case  and  the  perturbed  FASCOD3  runs. 
IDERIV  selects  the  derivative  calculation  and  allows  the  choice  of  radiance  or 
brightness  temperature  derivatives.  ISIMUL  selects  the  calculation  of  simu¬ 
lated  radiances  as  the  'data'  to  be  retrieved.  IFDIF  selects  the  difference 
calculation  and  allows  the  choice  of  radiance  or  brightness  temperature 
differences.  JINVRT  selects  the  matrix  inversion  or  retrieval  which  uses  the 
derivatives  and  differences  to  produce  a  retrieved  solution.  IATMT5  allows 
the  user  to  modify  the  reference  case  by  the  retrieved  solution  to  produce  a 
new  TAPE5  for  the  next  iteration.  1FASC3  allows  the  user  to  run  FASC0D3  using 
RETVCTL  as  the  input  file.  This  allows  the  user  to  utilize  the  FASCOD3 
plotting  routines  in  order  to  plot  the  retrieval  results. 

Record  3.1  contains  the  five  possible  constituents  to  be  retrieved. 

ICNST  is  defined  as  one  of  the  following: 

a)  0,-1  ends  read  of  parameters 

b)  1-28  corresponds  to  the  molecules  as  used  by  FASCODE  i.e.  1-^0, 
2-(X>2 ,  3-0j ,  ...  etc. 

c)  29  corresponds  to  the  layer  temperature 

d)  30  corresponds  to  the  surface  temperature 

e)  31  corresponds  to  the  surface  emissivity 

(not  currently  implemented) 

f)  32  corresponds  to  the  lowest  boundary  pressure 

LAYB  is  the  beginning  layer  for  retrieving  parameter  ICNST.  LAYE  is  the 
ending  layer  for  retrieving  parameter  ICNST.  DELSV  is  the  change  that  is 
applied  to  the  state  parameter  which  is  used  in  calculating  the  derivatives. 


Record  3.2  contains  the  control  flag  NZFLG  which  is  the  total  number  of 
layer  boundaries  which  are  to  be  read  in  to  determine  to  layers  to  be  used. 

Record  3.3  contains  the  layer  boundaries  which  are  determined  by  NZFLG  on 
Record  3.2.  ZLEVP  must  be  a  subset  of  the  boundaries  which  are  found  on 
T5REF. 

Record  4.1  contains  the  header  which  is  used  by  INVERT.  JHEADR  is  used 
for  labeling  the  files  RETVOUT  and  PARAMOT. 

Record  4.2  contains  the  main  control  flags  for  INVERT.  NUMFIL  selects 
the  total  number  of  frequency  regions  (files)  which  will  be  used  by  the 
retrieval.  NUMFIL  —  2  would  require  the  files  RADERVO,  RADERV1,  RADDIFO  and 
RADDIF1  in  addition  to  any  other  required  files.  NREF  selects  the  index  for 
the  reference  constants.  NPAR  is  the  total  number  of  parameters  to  be 
retrieved.  NPRT  is  the  number  of  parameters  to  be  output  per  page.  NEIG  is 
the  flag  which  selects  running  the  Eigen  solution,  which  is  provided  for 
informational  purposes  only.  IREFD  flags  the  reference  data  input.  This 
allows  the  user  to  use  the  quantities  on  file  PARAMIN  instead  of  those  present 
on  the  derivative  file  header.  This  is  useful  for  analysis  in  cases  of 
multiple  derivatives.  NSIM  is  the  flag  for  reading  in  simulated  atmosphere 
data  from  PARAMIN. 

Record  4.3  contains  IOUT  which  selects  the  parameters  and  order  for  the 
retrieval.  This  allows  the  user  to  tailor  the  input  and  output  of  the 
parameters . 

Record  4.4  contains  the  control  flags  used  for  retrieval  output.  IKMAT 
selects  the  printing  of  the  KMATRIX.  IHMAT  selects  the  printing  of  the  H 
matrix.  IHCOR  selects  the  printing  of  the  correlation  H  matrix.  IHINV 
selects  the  printing  of  the  H  inverse  matrix.  IHICR  selects  the  printing  of 
the  correlation  H  inverse  matrix.  IHHIN  selects  the  printing  of  the  H  matrix 
times  H  inverse  matrix.  IHHIN  selects  the  printing  of  the  H  matrix  times  H 
inverse  matrix.  IYVEC  selects  the  printing  of  the  Y  vector.  IDRDI  selects 
the  printing  of  the  residual  vectors  (RD-Rn),  (Rn+l-Rn)  and  (RD-Rn+1). 

Record  4.5  contains  control  flags  for  additional  retrieval  options. 

IGUESS  determines  whether  or  not  a  error  covariance  matrix  is  read  in  and 
used.  MXLKHD  selects  the  retrieval  method,  either  ridge  regression  or  maximum 
likelihood.  PEIG  selects  the  printing  of  the  eigenvalues  and  eigenvectors  for 
NEIG  -  1. 
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Record  4.6  contains  the  control  parameters  for  the  damping,  weighting  and 
noise  factors.  GAMMA  is  the  damping  factor  which  is  applied  to  all  of  the 
parameters.  NDAMP  is  the  number  of  individual  damping  factors  to  be  read  in 
on  Records  4.6.1  and  4.6.2.  IWGHT  is  the  flag  for  measurement  weights  to  be 
input  on  Record  4.6.3.  NOISE  flags  the  addition  of  noise  to  the  retrieval. 
OSEED  is  the  seed  which  is  used  by  the  random  number  generator  in  calculating 
the  noise. 

Record  4.6.1  contains  the  list  of  parameters  to  which  damping  is  to  be 
applied.  IDAMP  is  the  desired  parameter  to  be  damped. 

Record  4.6.2  contains  the  damping  factors  which  are  applied  to  each 
parameter.  DAMP  corresponds  to  the  parameter  defined  by  IDAMP  in 
Record  4.6.1. 

Record  4.6.3  contains  the  weights  to  be  applied  to  particular  points  in 
the  retrieval.  IWFLG  selects  how  the  weight  is  to  be  used.  IFWGHT  is  the 
input  file  to  which  the  weights  will  be  applied.  IBWGHT  is  the  beginning 
point  on  file  IFWGHT  which  will  be  used.  IEWGHT  is  the  ending  point  of  file 
IFWGHT  which  will  be  used.  WGTFAC  is  the  weighting  factor  to  be  applied. 

FREQ  is  the  wavenumber  value  used  in  converting  the  brightness  temperature 
noise  to  radiance  noise.  CHTMP  is  the  average  temperature  for  the  spectral 
interval.  CHTMP  is  used  to  convert  the  brightness  temperature  noise  to 
radiance  noise.  For  microwave  runs,  CHTMP  should  be  zero. 

Records  5. 1-5. XX  contain  the  FASC0D3  input  file  which  is  selected  by 
IFASC3  -  1.  See  the  FASC0D3  user  instructions  for  a  description. 

7.1.4  RETRVL  File  Utilization 

RETRVL  used  three  types  of  file  structures:  a)  formatted  I/O  files,  i.e. 
RETVCTL,  RETVOUT ,  PARAMIN,  PARAMOT,  RADDIFO ,  ERCOVCG,  T5REF,  T5SIM  and  T5ITR, 
b)  unformatted  binary  file,  i.e.  KMATRIX,  and  c)  unformatted  FASCODE  files, 
i.e.  T11SEQ,  T11BT ,  T11SIM,  T11SBT,  RADERVO  and  RESIDFS. 

These  files  and  their  use  are  outlined  below: 

1)  ERCOVCG  -  is  the  error  covariance  matrix  input  file  used  for  the 
first  guess.  This  file  is  used  by  INVERT. 
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2)  KMATRIX  -  contains  the  derivatives  which  are  used  by  INVERT.  The 
derivatives  are  ordered  by  the  parameter  IOUT  and  were  created  by 
DERIV. 

3)  PARAMIN  -  contains  the  retrieval  results  from  the  previous  iteration 
which  are  to  be  used  by  the  current  iteration.  PARAMIN  also  con¬ 
tains  the  simulated  atmosphere  when  used.  PARAMIN  and  PARAMOT  share 
a  common  structure  which  we  will  now  describe.  The  files  consist  of 
9  columns  of  data.  The  first  column  is  simply  an  integer  index  of 
the  parameter.  The  second  column  contains  the  layer  number  and 
constituent  which  is  being  retrieved.  The  third  column  contains  the 
reference  data  used  for  the  retrieval.  The  forth  column  contains 
the  results  of  the  retrieval  which  is  the  change  which  is  to  be 
applied  to  the  reference  case  to  produce  the  retrieved  results.  The 
fifth  column  contains  the  retrieved  results.  The  sixth  column  con¬ 
tains  the  reference  data  that  was  used  in  calculating  the  deriva¬ 
tives.  The  seventh  column  contains  the  simulation  data  when 
needed.  The  eighth  and  ninth  columns  contain  the  lower  and  upper 
boundary  altitudes  for  the  associated  layer. 

4)  PARAMOT  -  is  the  results  from  the  current  retrieval.  PARAMOT 
becomes  PARAMIN  for  the  next  iteration.  PARAMOT  is  also  used  by 
ATMDT5  to  created  the  new  TAPE5  (T5ITR)  from  T3REF. 

5)  RADDIFO  -  contains  the  differences  between  the  simulated  radiances 
or  data  and  the  current  reference  case.  RADDIFO  is  created  by 
FSCDIF  and  used  by  INVERT. 

6)  RADERVO  -  contains  the  derivatives  which  were  calculated  by 
perturbing  the  input  file  to  FASC0D3 .  RADERVO  is  created  by  DERIV 
and  used  by  INVERT . 

7)  RESIDFS  -  contains  the  three  vector  results  of  the  retrieval  which 
are  stored  in  FASCODE  format  for  plotting.  These  vectors  are 
(RD-Rn),  (Rn+i'Rn)  and  (RD-Rn) .  RESIDFS  is  created  by  INVERT. 
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8)  RETVCTL  -  is  the  input  control  file  for  RETRVL. 

9)  RETVOUT  -  is  the  print  ou  put  file  resulting  from  a  run  of  INVERT. 

10)  T5ITR  -  is  the  TAPE5  for  the  next  iteration.  T5ITR  is  created  by 
ATMDT5  by  using  the  retrieval  results  from  PARAMOT  and  modifying 
T5REF  to  produce  T5ITR. 

11)  T5REF  -  is  the  TAPE5  for  the  reference  case.  T5REF  is  used  as  the 
basis  for  the  derivative  calculation. 

12)  T5SIM  -  is  the  TAPE5  for  the  simulated  radiances.  T5SIM  is  used 
when  simulated  radiances  are  desired  instead  of  data. 

13)  T6REF  -  is  the  TAPE6  resulting  from  the  reference  case.  T6REF  is 
output  from  FASCOD3 . 

14)  T6SIM  -  is  the  TAPE6  resulting  from  the  simulation  run.  T6SIM  is 
output  from  FASG0D3 . 

15)  T11BT  -  is  the  result  of  converting  TllSEQ  to  brightness  tempera¬ 
ture.  T11BT  is  the  output  from  RADBT. 

16)  T11SBT  -  is  the  result  of  converting  T11SIM  to  brightness  tempera¬ 
ture.  T11SBT  is  the  output  from  RADBT. 

17)  TllSEQ  -  contains  the  result  of  the  reference  case,  and  the 
perturbed  FASC0D3  runs.  TllSEQ  is  used  by  RADBT  and  DERIV. 

18)  T11SIM  -  contains  the  result  of  the  simulated  radiance  run.  T11SIM 
is  used  by  RADBT  and  FSCDIF. 
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7.2  Implementation  of  RETRVL 


7.2.1  Compiling  and  Linking  RETRVL  Modules 

RETRVL  is  made  up  of  seven  modules.  These  are  outlined  below: 

a)  RETRVL  -  contains  main  driver  program  and  all  modules  excluding 
INVERT  and  FASCD3  subroutines 

b)  INVERT  -  contains  the  matrix  inversion  driver  routine 

c)  IMSL  -  contains  the  IMSL  routines  used  by  INVERT 

d)  FASCD3  -  contains  the  main  FASC0D3  subroutines 

e)  FSCATH  -  contains  the  FASC0D3  atmosphere  subroutines 

f)  FASLOW  -  contains  the  LOWTRN  aerosol  subroutines 

g)  FSCMS  -  contains  the  multiple  scattering  subroutines 

For  compiling  and  linking  these  routines  on  the  AFGL  Cyber,  a  segload  file  is 
provided  in  Table  7-1.  Once  these  routines  are  compiled  and  linked  together 
we  can  run  the  test  cases. 

7.2.2  Test  Cases  for  RETRVL 

Two  test  cases  were  selected  for  RETRVL.  They  were  selected  in  order  to 
demonstrate  the  retrieval  code  without  a  significant  amount  of  computation. 
Each  test  case  requires  approximately  35  seconds  on  the  AFGL  Cyber. 

7. 2. 2.1  Input  Description 

Appendix  C  contains  the  input  files  used  for  the  two  test  cases.  Test 
Case  1  is  designed  to  test  all  of  the  primary  RETRVL  options  excluding 
IFASC3.  The  first  record  contains  a  header  which  will  be  written  to 
RADDIFO.  The  next  record  selects  the  calculation  of  the  reference  case, 
T11SEQ,  the  derivatives  in  brightness  temperature,  the  simulated  radiances, 
the  differences  in  brightness  temperature,  a  retrieval,  and  the  creation  of 
T5ITR  containing  the  TAPE5  for  the  next  iteration.  The  next  record  contains 
the  constituents  to  be  retrieved,  the  beginning  and  ending  layers,  and  the 
perturbation  which  is  to  be  applied.  For  the  first  constituent,  layer 
temperature  will  be  perturbed  for  layers  1-3  by  0.5  degrees.  For  the  second 
constituent,  surface  temperature  will  be  perturbed  by  0.5  degrees.  The  next 
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Table  7-1.  Segmentation  directives  for  path  characterization  model 


DRIVER  TREE  RETRVL- ( FSC03  .  ATMOD ,  RADBT  .  DERIV  .  INVERT .  ATMDT^ ) 

RETRVL  CtOBAL  KA IN . LAMCHN . CONSTS .IFIL.BNDPRP.FILHDR .MSACCT .TIM  IN . 

. IFILAT , CHDATA , CONTRL . VSTOR 

RETRVL  INCLUDE  RETRVL. 8UFIN. BUFOUT.COPYFL, ENDFIL.T5COPY . FSCFIL 
* 

ATMOD  INCLUDE  ATMOD , OPN FLA . ZCNST 

* 

RADBT  INCLUDE  RADBT. OPNFLB.BT 

* 

DERIV  INCLUDE  DERIV.OPNFLD.RHEAD 

* 

INVERT  INCLUDE  INVERT ,OPNF I L, MAT INV , MULTI P .OUTCOR.OUTMAT . 

.  VECXMT  ,  VECYMT ,  VR EAD .  VUR I TE .  ADNOI S  .  DPLNCK .  GCNQF , MDNR I S  .  MERFI . 

. UERTST , UCETIO .USPKD . E8ALAF. EBBCKF. EHBCKF . EHESSF, EHOBKS , EHOUSS . 
.£ICRF.EICRS.EQRH3F,E0RT2S,LEQT1F.LEQT2F,LGINF,U,1NU,L1NV1F. 

. LI  NV1 P . LI NV2F . LI NV2  P . LSVDB . LS VG1 , LSVC2 . LUDATF . LUDATN . LUDECP . 

.  LUELMF  .  LUF.LMN.  LUELMP,  LUREFF,  LUREFN  ,  LUREFP , UERSET ,  VMS  1 2 


ATMDT5 

INCLUDE 

ATMDTb , OPNFLT 

FSCD3 

TREE 

FASCD3 • 1 LAYRS . LASER . SCANFN . INTRPL, PLOTT . 

. FLTRFN . 

TESTMM . PRLNHD) 

FASCD3 

GLOBAL 

LASIV.ADRIVE.MSCONS.LINHDR 

FASCD3 

INCLUDE 

FASCDJ 

PRLNHD 

INCLUDE  PRLNHD 

LA'i'RS 

TREE 

X LAYER- (OPPATHS. OPDPTHS . XMERGES . XMERCIS . 

.XLAYMSS) 

X'.AYER 

GLOBAL 

XMMS  ,  A8SORA  .  SCaTTA  .  ASYMMA  .  RMRC 

•’.AYER 

INCLUDE 

X  LAYER . XLAYMS . SCANRD . SCNINT . SCNMRG . 

r'LTRRD  . 

FLTMRG , FLTPRT 

;? PATHS 

TREE 

OP PATH- (FSCATMA. LOUT. PATH) 

•  PATH 

GLOBAL 

CNTRL . PATHS . ZOUTP -  SAVE 

OP PATH 

INCLUDE 

OPPATH 

FSCATMA 

TREE 

FSCATM • ( FSCCEO . MDLATM) 

FSCATM 

INCLUDE 

FSCATM . ATMPTH . ATMCON . PACK . VATVAP 

FSCATM 

GLOBAL 

CONSTN . HMOLS . PARMTR . DEAMT . BNDRY -  SAVE 

FSCCEO 

INCLUDE 

R  FPATH . ALAYER , AUTLAY , EXPINT . FINDSH . SCALHT . ANDEX . 

RADREF. 

HAl.FWD . FSCCEO . FOB ETA . FNDHMN . REDUCE . AMERCE 

MDLATM 

INCLUDE 

MDLATM . NSMDL . MLATMB . CONVRT . RDUNIT, DEFALT 

MDLATM 

GLOBAL 

MLATM. TRAC- SAVE 

LOUT 

TREE 

LOU’TRN - (CEO . TRANS . AERNS . VSA . CIRRUS . NEWMDL) 

LOVTR.N 

INCLUDE 

TITLE 

LCVTR.N 

GLOBAL 

LCRD1 .  LCRD2  .  LCRD2D .  LCRD3  ,  LCRD^*  .MODEL. CNSTNS  . 

.MDL2.Z’. 

/SALY.MAFT, 

,1’SRDTA.TITL.  RAIN -SAVE 

CEO 

INCLUDE 

CEO . GEOINL. REDUCL, EXPINT . RADRif. SCALHT . ANDEX . 

RFPATL. 

,  FDBETl. FNDHML. FI NDSL. FILL. LOLA YR 

CEO 

GLOBAL 

PARMLT.RFR PTH -SAVE 

TRANS 

INCLUDE 

TRANS . AEREXT , TNRAIN , DEBYE . DOP . INDX . AB . 

CAMFOC 

.aitk.cmra: 

IN, EXAB IN, EXTDTA. CAMFOC. 

.  AITK . CMRAIN 

TRAN’S 

global 

EXTD 

AERNS 

TREE 

AERNSM 

AERNSM 

INCLUDE 

AERNSM . AERPRF , PRFDTA .MARINE . MARDTA . STDMDL.MDTA 

AERNSM 

GLOBAL 

MCATA -  SAVE 

PATH 

INCLUDE 

PATH 

EMERGES 

TREE 

XMERG E • <  S AS I N I T . ABSMRC . S EM  I N I T . RADMRG ) 

rp.-c 

GLOBAL 

XME 

X.MFSGE 

INCLUDE 

RADFN  .  XM ERG F. .  G ET EXT  .  ADAR S L  .  AER F 

vvra - r 5 

TREE 

XMERG I  - (TABINIT .ABSINT , TEMINIT. RAD I NT) 

XMERG  I 

GLOBAL 

XMI 

yxrt  ;  * 

INCLUDE 

RA  D  FN . XM  ERG  I , C  ET  EXT . ADARS L .AERF 

SEMINIT 

INCLUDE 

EM I S I T . EM I N . EMOUT , BBFN . AER  F 

TEMINIT 

INCLUDE 

EM  I N I T . EM I N , EMOUT . BB FN , AER F 

SABINIT 

INCLUDE 

ABINIT, ABSOUT 

TAB  INI T 

INCLUDE 

ABINIT. ABSOUT 

OPDPTHS  TREE  0 PD PTH  - (HIRAC1 ,  LINF4 . CONTNV. NLTE) 

OPDPTH  GLOBAL  LBLF , ABSORB . SCATTR 

* 

HIRAC1  INCLUDE  HIRACI . SHAPEL . SHAPEC . VOICON . RDLIN , CNVFNV . PANEL . MOLEC 
.QV. ABSOUT. VERFN.RIPRNT. XINT, BMOLEC.BHIRAC.BSHAPL.YDIH1 . 

, LBLF4 . RDLIN4 , CONVF& 

HIRACI  GLOBAL  FNSH- SAVE 

LINF4  INCLUDE  LINF^ , RDLNFL . MOLEC ,QV , SHRINK, VOICON , 8MOLEC 

CONTNV  TREE  CONTNM- (SL296 , SL260 . FRN296 , FRNC02 , 

. N2CONT . X03CHP , 03HHTC , 03HHTI .03HHT2 .03HHUV.02C0NT) 


CONTNM 

INCLUDE 

CONTNM, XINT 

X03CHP 

INCLUDE 

X03CHP.03CH 

O3HHT0 

INCLUDE 

O3HHT0 , BO3HH0 

03HHT1 

INCLUDE 

03HHT1 , B03HH1 

03HHT2 

INCLUDE 

03HHT2 , B03HH2 

03HHUV 

INCLUDE 

03HHUV , B03HUV 

02C0NT 

INCLUDE 

02C0NT , B02C 

SL296 

INCLUDE 

SL296.BS296 

SL260 

INCLUDE 

SL260 , BS260 

FRN296 

INCLUDE 

FRN296 , BFH20 

FRNC02 

INCLUDE 

FRNC02 . BFC02 

N2CONT 

INCLUDE 

N2CONT.BN2 

NLTE 

TREE 

NONLTE- (HIRACQ . VIBTMP . VIBPOP) 

NONLTE 

GLOBAL 

VBNLTE 

HIRACQ 

INCLUDE 

HIRACQ , SHAPEL, SHAPEC .VOICON , RDLIN .CNVFNQ . PANELQ . 

. MOLEC .QV .ABSOUT . VERFN .RlPRNT . XINT . BMOLEC . BHIRAQ . BSHAPL , YDIH1 . 

. LBLF4 , RDLIN4 . CONVF6 

HIRACQ 

CLOBAL 

FNSQ-SAVE 

ABSMRC 

INCLUDE 

ABSMRC. ABSOUT 

ABSINT 

INCLUDE 

ABSINT. ABSOUT 

RADMRC 

INCLUDE 

RADMRG . EMIN , EMOUT . BBFN . AERF . EMBND 

RAD I NT 

INCLUDE 

RADINT . EMIN . EMOUT , BBFN , AERF . EMBND 

SCANFN 

INCLUDE 

SCANFN . SHAPEC . RDSCAN , SHRKSC . SHAPET . CONVSC . PANLSC . 

.  CNVREC . 

,  S INCSQ 

INTRPL 

INCLUDE 

INTRPL. RDPANL. INTERP.OTPANL 

FLTRFN 

INCLUDE 

FLTRFN . RDSCAN . CNVFLT 

TESTMM 

INCLUDE 

TESTMM. BTEST 

PLOTT 

TREE 

PLTFAS- (BBSCLE. HEADER. AXEST. FPLINE) 

PLTFAS 

GLOBAL 

PLTHDR , AXISXY . YCOM . POINTS , TITLOC . NAME 

PLTFAS 

INCLUDE 

PLTFAS . LINT . EXPT . XNTLOC . TEMPFN . TENLOG . MNMX . FSCLI N 

. ENDPLT 


AXEST 

TREF 

AXES- (AXISL.AXLOG.AX2) 

XLAYMSS 

TREE 

XMRGMS - ( EMITMS , RMRGMS . FLUXLP . FLUXES . YLAYMS ) 

XMRCMS 

INCLUDE 

XMRCMS . RADFN . CETEXT . ADARS L. AERF . MSCOPY 

XMRCMS 

GLOBAL 

MLTSCT . OLDMS . MS  FLUX 

EMITMS 

INCLUDE 

EMITMS . EMINMS , EMOUT . MS  IN . MSOUT . BBFN . AERF . FLXADD . E3 

.  EMMSFN 

RMRGMS 

INCLUDE 

RMRGMS .EM INMS, EMOUT .MS  IN .MSOUT .BBFN .AERF, FLXADD. E3 

. EMMSFN 

FLUXES  TREE  FLXDWN - ( SRCFCN) 

FLXDWN  INCLUDE  FLXDVN . RADFN .CETEXT , FLXADD.MSIN .MSOUT, £3 . AERF, 

.  BBFN .  EMMSFN 
* 

SRCFCN  INCLUDE  SRCFCN , BETABS .MSEMIS 

+ 

YLAYMS  INCLUDE  YLAYMS  .GETEXT ,  RADFN .  FLUXLP  ,MS IN  .MSOUT,  MM INMS  ,  EMOUT. 
.FLXADD, BBFN. AERF, E3, EMMSFN 
* 

FLUXLP  INCLUDE  FLUXLP,  FLXADD.MSIN  .MSOUT.  BBFN,  AERF.  EJMINMS  ,  E3  ,  EMMSFN 
* 

END 


record  indicates  that  the  parameter  input  is  concluded.  The  next  record 
contains  the  number  of  layer  boundaries  to  be  read  in,  and  for  this  case,  we 
choose  zero.  The  next  record  contains  the  header  which  is  used  by  INVERT. 

This  is  followed  by  a  record  containing  the  main  control  cards  for  INVERT. 

For  this  case  we  are  using  1  file,  this  is  the  initial  run  so  NREF  -  0,  there 
are  4  parameters  (3  layer  temperature,  1  surface  temperature),  no  eigenvalues 
nor  eigenvectors  are  calculates,  NPRT  -  12  for  the  print  output,  IREFD  is  set 
to  zero  to  use  the  reference  data  from  the  derivative  file  header  and  NSIM  -  1 
since  simulation  data  is  available  on  PARAMIN.  The  next  record  contains  the 
variables  of  IOUT  which  selects  the  parameters  and  their  order.  For  this  case 
we  have  selected  the  parameters  in  order  of  altitude,  with  the  highest  at  the 
top,  and  the  surface  at  the  bottom.  The  next  two  records  control  some  of  the 
I/O  from  INVERT.  We  have  selected  a  sample  print  from  each  of  the  matrices 
and  vectors,  and  will  use  ridge  regression  for  the  retrieval.  The  next  record 
contains  the  damping  factor  and  the  weight  and  noise  control  flags.  For  this 
case,  the  damping  is  0.0,  and  no  additional  weights  or  noise  is  desired. 

Test  Case  2  is  basically  the  same  as  case  1  except  that  we  want  to  make  2 
layers  out  of  the  three  layers  on  T5REF.  This  requires  a  change  to  Record  3.2 
and  the  layer  temperatures  become  parameters  1  and  2,  and  the  surface  tempera¬ 
ture  becomes  parameter  3.  In  order  to  facilitate  combining  the  three  layers 
into  two,  we  set  NZFL£  -  3  so  that  we  can  read  in  three  layer  boundaries  to 
produce  two  layers.  The  next  record  contains  the  layer  boundaries.  Note, 
that  the  boundaries  that  are  chosen  consist  of  a  subset  of  the  layer 
boundaries  that  are  on  T5REF.  The  only  additional  change  that  is  required  is 
to  set  NPAR  -  3  on  Record  4.2  for  the  inversion. 

Both  Test  Cases  also  require  a  TAPE3  (FAS COD 3  Line  File),  T5REF  which 
contains  a  FASC0D3  TAPE5  which  doesn't  use  the  atmosphere,  and  T5SIM  which 
contains  the  TAPE5  which  will  be  used  for  the  simulated  radiances.  A  note 
should  be  made  concerning  the  T5REF  file.  It  Is  a  standard  FASC0D3  input  file 
with  IATM  -  0.  We  have  added  a  parameter  ITYL  to  Record  1.5.1  to  ensure  that 
the  sampling  interval,  DV,  is  the  same  for  every  layer  as  the  temperature 
parameter  is  perturbed  in  the  calculation  of  the  derivatives  using  discrete 
differences.  This  has  been  found  necessary  to  decrease  the  effects  of 
discretization  effects  in  the  FASCODE  calculation. 
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1 .2.2.2  Output  Description 

The  output  files  for  the  Test  Cases  are  found  in  Appendix  D.  The  output 
file  which  will  be  described  is  the  file  RETVOUT  which  is  the  result  of  the 
INVERT  module.  The  first  page  consists  of  the  banner  containing  the  header 
and  the  date  and  time  entering  INVERT,  followed  by  a  print  out  of  the  K  matrix 
which  shows  a  panel  of  the  first  and  last  five  points  for  each  parameter.  The 
user  should  note  that  the  K  matrix  parameters  are  also  ordered  by  IOUT. 

Page  2  shows  the  H  matrix,  which  is  followed  on  page  3  by  the  correlation  H 
matrix.  The  bottom  of  page  3  also  has  a  print  from  the  IMSL  inversion  routine 
which  shows  a  value  of  IER  -  0,  implying  the  inversion  was  accomplished  with 
no  errors.  Page  4  shows  a  print  out  of  the  inverted  H  matrix.  Page  5  shows 
the  correlation  H  inverse  matrix,  and  page  6  shows  the  result  of  H  matrix 
times  H  inverse  matrix.  Page  7  shows  the  results  of  the  inversion.  The  first 
block  shows  the  layer  and  the  constituent  retrieved,  followed  by  the  value  for 
each  constituent  before  the  retrieval.  For  this  case,  since  NREF  -  0,  we  see 
the  reference  case  values.  This  is  followed  by  the  change  which  will  be 
applied  to  the  reference  case  in  order  to  produce  the  retrieved  quantities 
which  are  printed  in  the  following  column.  The  user  should  note  that  the 
retrieval  is  trying  to  place  a  0.5  degree  pulse  in  layer  2,  which  is  precisely 
what  was  done  to  generate  the  simulation.  The  next  column  shows  the  probable 
error  for  the  retrieved  parameter.  The  next  column  contains  the  percent 
change  between  the  retrieved  parameter  and  the  reference  value.  The  following 
columns  provide  the  individual  damping  factor  which  was  used,  and  the  fit 
index  for  the  parameter.  The  next  panel  shows  a  printout  of  the  Y  vector, 
which  is  followed  by  a  panel  containing  the  residuals:  (RD-RO) ,  (R1-R0)  and 
(RD-R1) .  The  final  panel  on  page  7  contains  the  statistics  generated  in  order 
to  evaluate  the  retrieval .  Page  8  shows  the  comparison  of  the  retrieved 
parameter  with  the  original  simulated  values.  The  last  column  shows  the 
simulated  minus  the  retrieved,  which  indicates  a  good  retrieval.  The  final 
two  panels  on  page  8  show  the  spectral  region  which  was  used,  and  the  time 
required  by  INVERT. 

The  output  from  Test  Case  2  is  basically  the  same  as  for  Test  Case  1 
except  we  have  chosen  one  less  layer  for  the  parameters .  If  we  look  at  the 
results  on  page  7,  we  again  see  that  the  retrieval  is  trying  to  place  a  0.5 
degree  pulse  on  layer  1.  This  is  consistent  with  the  simulation  which  placed 
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a  0.5  degree  pulse  on  layers  1  and  2  of  the  reference  case  which  were  combined 
to  form  the  retrieved  layer  1. 

7.3  Description  of  Program 

Program  RETRVL  is  the  driver  for  the  retrieval  package .  A  block  diagram 
of  the  program  is  shown  in  Figures  7-1  and  7-2.  A  discussion  of  each  routine 
follows: 

Subroutine  ADNOIS  adds  random  noise  to  the  K  matrix  as  per  instructions 
from  the  input  file.  ADNOIS  is  called  from  MATINV. 

Subroutine  ATMDT5  processes  the  resulcs  from  the  inversion  run  to  produce 
a  new  'TAPE5'  for  use  by  FASCODE.  The  results  are  inputed  from  PARAMOT  and 
written  to  the  file  'T5ITR' .  ATMDT5  is  called  from  RETRVL. 

Subroutine  ATMOD  is  used  within  the  derivative  loop  to  modify  'TAPE5'  to 
reflect  the  constituent  for  which  a  derivative  is  being  calculated.  ATMOD 
reads  from  T5REF  and  changes  the  desired  constituent  producing  a  new  TAPE5. 
ATMOD  is  called  from  RETRVL. 

Function  BT  calculates  the  brightness  temperature  corresponding  to  the 
inputed  radiance  and  frequency.  BT  is  called  from  RADBT. 

Subroutine  DERIV  calculates  the  derivative  for  the  given  constituent 
based  upon  the  adjustment  which  was  applied.  DERIV  is  called  from  RETRVL. 

Subroutine  DPLNCK  computes  the  inverse  planck  function,  calculating  the 
radiance  which  corresponds  to  the  inputed  temperature  and  frequency.  DPLNCK 
is  called  from  RETRVL. 

Subroutine  EIGRS  is  the  IMSL  driver  for  the  calculation  of  eigenvalues 
and  eigenvectors  of  a  real  symmetric  matrix.  EIGRS  is  called  from  MATINV. 

Subroutine  FASCD3  is  the  subroutine  driver  for  FASC0D3.  FASCD3  is  called 
from  RETRVL. 

Subroutine  FSGDIF  differences  two  unformatted  FASCODE  files  producing  a 
formatted  result.  FSCDIF  Is  called  from  RETRVL. 

Subroutine  FSCFIL  checks  to  see  if  a  particular  unit  is  open,  and  closes 
any  units  which  are  open.  FSCFIL  is  called  from  RETRVL. 
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PROGRAM  RETRVL 


Figure  7-1.  Program  Retrvl 

INVERT  MODULE 


Figure  7-2.  Invert  Module 
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Function  GGNQF  is  an  IMSL  routine  which  provides  gaussian  random 
numbers.  GGNQF  is  used  by  ADNOIS. 

Subroutine  INVERT  is  the  driver  for  the  matrix  inversion  and  retrieval 
subroutine  MATINV.  INVERT  is  called  from  RETRVL. 

Subroutine  LGINF  is  the  IMSL  driver  for  the  calculation  of  the 
generalized  inverse  of  a  real  matrix.  LGINF  is  called  from  MATINV. 

Subroutine  MATINV  is  the  driver  for  the  matrix  inversion  and  calculates 
the  retrieved  parameters.  MATINV  is  called  from  INVERT. 

Subroutine  MULTIP  perform'  a  matrix  multiplication.  MULTIP  is  called 
from  MATINV. 

Subroutine  OPNFIL  opens  all  the  files  used  by  INVERT  and  its  subroutines 
OPNFIL  is  called  from  INVERT  and  MATINV. 

Subroutine  OPNFLA  opens  all  the  files  used  by  ATMOD  and  its  subroutines. 
OPNFLA  is  called  from  ATMOD. 

Subroutine  OPNFLB  opens  all  the  files  used  by  RADBT  and  its  subroutines. 
OPNFLB  is  called  from  RADBT. 

Subroutine  OPNFLD  opens  all  the  files  used  by  DERIV  and  its  subroutines. 
OPNFLD  is  called  from  DERIV. 

Subroutine  OPNFLF  opens  all  the  files  used  by  FSCDIF  and  its  subroutines 
OPNFLF  is  called  from  FSCDIF. 

Subroutine  OPNFLT  opens  all  the  files  used  by  ATMDT5.  OPNFLT  is  called 
from  ATMDT5 . 

Subroutine  OUTCOR  prints  a  correlation  matrix  to  a  file.  OUTCOR  is 
called  from  MATINV. 

Subroutine  OUTMAT  prints  a  matrix  to  a  file.  OUTMAT  is  called  from 
MATINV. 

Subroutine  RADBT  converts  an  unformatted  FASCODE  file  from  radiance  to 
brightness  temperature.  RADBT  is  called  from  RETRVL. 

Program  RETRVL  is  the  main  driver  for  the  path  characterization 
subroutine  package . 
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Subroutine  RHEAD  reads  the  FASCODE  file  header  to  extract  the  necessary 
retrieval  parameters.  RHEAD  is  called  from  DERIV. 

Subroutine  T5C0PY  copies  one  formatted  file  to  another.  T5C0PY  is  called 
from  RETRVL . 

Subroutine  VECXMT  multiples  a  vector  times  a  matrix  and  returns  the 
resulting  vector.  VECXMT  is  called  from  MATINV. 

Subroutine  VECYMT  multiples  a  vector  times  K  transpose  matrix  and  returns 
the  resulting  vector.  VECYMT  is  called  from  MATINV. 

Subroutine  VREAD  reads  in  a  vector  of  the  K  matrix  from  the  file 
KMATRIX.  VREAD  is  called  from  MATINV,  OUTMAT,  VECXMT  and  VECYMT. 

Subroutine  WRITE  writes  out  a  vector  of  the  K  matrix  to  the  file 
KMATRIX.  WRITE  is  called  from  MATINV. 

Subroutine  ZCNST  determines  the  constituent  to  be  modified,  and  the 
layers  to  which  the  modification  will  be  applied  for  the  calculation  of 
derivatives.  ZCNST  is  called  from  ATMOD. 

8 .  CONCLUSIONS 

8 . 1  Program  Summary 

This  report  has  described  the  results  of  study  undertaken  at  AER  to 
identify  and  implement  a  state-of-the-art  nonlinear  retrieval  approach  to 
characterize  line  of  sight  variability  of  atmospheric  thermal  and  constituent 
environments.  This  path  characterization  capability  was  designed  to  interface 
with  the  existing  Geophysics  Laboratory  (GL)  line-by-line  radiance/transmit¬ 
tance  code ,  FASCODE . 

Accomplishments  of  the  study  include:  (a)  a  review  of  the  relevant 
literature  concerning  potential  path  characterization  retrieval  algorithms, 
selection  of  a  physical  least  squares  (PLS)  nonlinear  retrieval  approach  for 
implementation  based  on  criteria  including  flexibility  within  the  context  of 
FASCODE  and  a  certain  degree  of  robustness  in  application;  (b)  development  of 
a  stand  alone,  preprocessing  screening  procedure  to  identify  potential 
channels  for  path  characterization  based  on  user  requirements;  (c)  formulation 
and  implementation  of  the  path  characterization  retrieval  algorithm  including 
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suitable  interfaces  with  FASCODE;  (d)  inclusion  of  a  comprehensive  error 
analysis  capability  as  an  integral  part  of  the  retrieval  procedure;  (e) 
demonstration  of  the  approach  for  the  retrieval  of  temperature,  water  vapor 
and  ozone;  and  (f)  comprehensive  documentation  of  the  path  characterization 
code  implementations. 

We  believe  that  the  path  characterization  capability  developed  in  this 
study  represents  a  significant  enhancement  to  the  existing  FASCODE  capabili¬ 
ties  for  applications  to  sensor  design  and  analysis  of  experimental  data  sets 
consistent  with  current  state-of-the-art  retrieval  theory. 

8 . 2  Recommendations 

In  the  course  of  our  research  we  have  identified  a  number  of  issues 
related  to  the  implementation  of  the  path  characterization  retrieval  which 
require  further  elucidation.  While  we  feel  that  the  approach  as  implemented 
is  quite  useful,  we  recommend  that  these  additional  aspects  of  the  method 
require  further  study. 

The  effects  of  nonlinearities  in  the  parameter -data  relationship  has  not 
been  fully  explored.  To  some  degree  our  discussion  of  the  role  of  the  penalty 
function  in  Section  4.3.  and  the  work  with  compositional  retrievals  of  water 
vapor  and  ozone  described  in  Section  6  have  addressed  this  issue.  However,  it 
would  be  misleading  to  assert  that  all  aspects  of  the  impact  of  ronlinearities 
have  been  investigated.  A  viable  advanced  approach  to  treating  the  non-linear 
problem  is  available  from  optimization  theory  and  could  be  f.nplemented  at  a 
later  date. 

The  mathematical  formalism  which  we  have  adopted  for  the  retrieval 
calculation  is  based  on  exploitation  of  the  FASCODE  layering  capability.  It 
is  straightforward  to  implement  the  approach  to  retrieve  profile  properties 
rather  than  layer  properties.  An  advantage  is  the  ability  to  perturb  profile 
rather  than  layer  quantities  in  the  evaluation  of  the  required  derivatives 
consistent  with  the  updated  radiance  algorithm  in  FASCODE. 

With  respect  to  the  evaluation  of  the  derivatives,  the  retrieval  is 
sensitive  to  systemmatic  noise.  This  manifests  itself  in  a  number  of  ways, 
one  being  the  numerical  noise  introduced  in  calculating  derivatives.  FASCODE 
is  a  numerical  model.  While  forward  problem  discretization  errors  are  small 
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with  respect  to  radiance  output,  they  may  not  be  negligible  with  respect  to 
the  performance  of  the  retrieval  algorithm. . 

The  potential  importance  of  physical  constraints  on  the  retrieval  pro¬ 
cedure  has  also  been  discussed  (Section  4.1).  Although  our  test  cases  have 
not  required  invoking  such  constraints  it  is  possible  that  they  may  be 
required  in  some  problems. 

While  we  have  attempted  to  be  £  >  complete  as  possible  in  the  implementa¬ 
tion  of  the  path  characterization  approach,  we  have  put  our  testing  and 
evaluation  effort  described  here  into  the  investigation  of  nadir  retrieval. 

We  believe  the  approach  should  be  applicable  to  more  general  paths.  These 
include  downward  looking  paths  at  arbitrary  viewing  angles,  upward  looking 
paths,  and  limb  paths.  In  the  latter  case  a  straightforward  application  of 
the  PLS  approach  should  be  possible  via  an  onion  peeling  method;  however,  we 
have  not  tested  this  hypothesis. 

The  use  of  the  line-by-line  algorithm  as  a  forward  problem  model  results 
in  the  use  of  considerable  computational  effort  both  in  the  iterations 
required  and  the  generation  of  the  K  matrix  coefficients  (see  Sections  4.1  and 
4.2).  It  has  been  remarked  that  the  use  of  rapid  algorithms  is  one  solution 
to  this  problem,  and  indeed  plans  for  operational  applications  of  physical 
retrievals  resort  to  this  approach.  Although  we  have  not  included  a  rapid 
algorithm  generation  capability  as  part  of  the  path  characterization  code, 
this  is  a  relatively  simple  matter  which  can  be  accomplished  using  one  of  the 
approaches  which  has  been  cited  in  Section  2.1.3.  The  computational  effort 
required  to  generate  the  band  model  coefficient  for  the  selected  channel  set 
is  considerably  less  than  that  required  for  any  reasonable  sensor  design 
scenario,  even  in  light  of  the  necessity  to  generate  the  coefficients  for  new 
channels . 

Sensitivity  to  systemmatic  errors  in  the  forward  problem  is  also  an  issue 
with  respect  to  use  of  so  called  "rapid"  algorithms.  While  these  may  be  the 
only  practical  means  to  treat  low  resolution  channels  (say  on  the  order  of  a 
few  wavenumbers  in  the  middle  infrared) ,  they  must  be  accurate  enough  to 
provide  the  required  derivative  functions.  This  is  easily  determined  by 
assessing  the  accuracy  of  the  rapid  algorithm. 
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The  last  issue  is  application  of  the  approach  to  path  parameters  other 
than  temperature  and  composition.  Conceptually,  any  variable  which  enters 
into  the  forward  problem  can  be  treated  within  the  general  framework  of  this 
approach.  Such  additional  parameters  include  cloud  and  aerosol  properties, 
properties  of  the  surface  such  as  surface  reflectivity  and  emissivity,  and 
non-local  thermodynamic  equilibrium  (NLTE)  properties  in  the  upper 
atmosphere.  A  recently  completed  feasibility  study  (Isaacs  et  al.,  1990)  has 
addressed  these  applications;  however,  further  work  is  needed. 


9 .  REFERENCES 

Backus,  G.E.,  and  J.F.  Gilbert,  1967:  Numerical  applications  of  a  formalism 
for  geophysical  inverse  problems.  Geophvs.  J.  R.  Astron.  Soc..  13,  247- 
276. 

Backus,  G.E.,  and  J.F.  Gilbert,  1968:  The  resolving  power  of  gross  earth 
data.  Geophvs.  J.  R.  Astron.  Soc..  16.  169-205. 

Backus,  G.E.,  and  J.F.  Gilbert,  1970:  Uniqueness  in  the  inversion  of  inac¬ 
curate  gross  earth  data.  Phil.  Trans.  R.  Soc.  London.  A266 .  123-192. 

Burch,  D.A. ,  and  D.A.  Gryvnak,  1980:  Continuum  absorption  by  H20  vapor  in  the 
infrared  and  millimeter  regimes.  In  Atmospheric  Water  Vapor,  edited  by 
A.  Oeepak,  T.D.  Wilkenson,  and  L.H.  Ruhnke,  Academic  Press,  New  York, 
pp.  47-76. 

Chahine,  M.T.,  1968:  Determination  of  the  temperature  profile  in  an  atmo¬ 
sphere  from  its  outgoing  radiance.  J .  Opt .  Soc .  Am. .  58 .  1634-1637. 

Chahine,  M.T.,  1972:  A  general  relaxation  method  for  inverse  solution  of  the 
full  radiative  transfer  equation.  J .  Atmos .  Sci .  .  29,  741-747. 

Chandrasekhar,  S.,  1960:  Radiative  Transfer.  Dover,  New  York,  393  pp. 

Clough,  S.A.,  F.X.  Kneizys,  R.  Davies,  R.  Gamache,  and  R.  Tipping,  1980: 

Theoretical  line  shape  for  H20  vapor:  Application  to  the  continuum.  In 
Atmospheric  Water  Vapor,  edited  by  A.  Deepak,  T.D.  Wilkenson,  and  L.H. 
Ruhnke,  Academic  Press,  New  York,  pp.  25-46,  1980. 

Clough,  S.A.,  F.X.  Kneizys,  L.S.  Rothman,  and  W.O.  Gallery,  1981:  Atmospheric 
spectral  transmittance  and  radiance  -  FASC0D1Y.  Atmospheric  Transmis- 

sism.  Prag.  SP1E,  277.  152  pp. 

Clough,  S.A.,  R.X.  Kneizys,  E.P.  Shettle,  and  G.P.  Anderson,  1986:  Atmo¬ 
spheric  Radiance  and  Transmittance:  FASC0D2,  Proceedings  of  the  Sixth 
Conference  on  Atmospheric  Radiance,  Williamsburg,  VA. 

Clough,  S.A.,  F.X.  Kneizys,  and  R.W.  Davies,  1989:  Line  Shape  and  the  Water 
Vapor  Continuum.  Atmos.  Res. .  23.  229-241. 


93 


Clough,  S.A.,  R.D.  Worsham,  W.L.  Smith,  H.E.  Revercomb,  R.O.  Knuteson,  G.P. 
Anderson,  M.L.  Hoke,  and  F.X.  Kneizys,  1989:  Validation  of  FASCODE 
Calculations  with  HIS  Spectral  Radiance  Measurements.  IRS  *88. 

A.  Deepak  Publishing. 

Conrath,  B.J.,  1972:  Vertical  resolution  of  temperature  profiles  obtained 
from  remote  radiation  measurements.  J.  Atmos.  Sci..  29 .  1262-1272. 

Deirmendj ian,  D.,  1969:  Electromagnetic  Scattering  on  Spherical  Polvdisper- 
sion.  Elsevier,  New  York. 

Deirmendj ian,  D. ,  1975:  Far- infrared  and  submillimeter  wave  attenuation  by 
clouds  and  rain.  J.  Appl.  Meteorol..  14.  1584-1593. 

Dennis,  J.E.,  Jr.,  and  R.B.  Schnabel,  1983:  Numerical  Methods  for  Uncon¬ 
strained  Optimization  and  Nonlinear  Equations.  Printice-Hall ,  Inc., 
Englewood  Cliffs,  NJ. 

Eyre,  J.R.,  1989:  Inversion  of  cloudy  satellite  sounding  radiances  by  non¬ 
linear  optimal  estimation:  Theory  and  simulation  for  TOVS.  Otrlv. 
Journal  of  the  Roval  Met.  Soc..  115 .  1001-1026. 

Eyre,  J.R.  and  H.M.  Woolf,  1939:  Transmittance  of  atmospheric  gases  in  the 
microwave  region:  a  fast  model.  ApdI  .  Opt.  .  27.,  15,  3244-3249. 

Falcone,  V.J.,  L.W.  Abreu,  and  E.P.  Shettle,  1979:  Atmospheric  attenuation  of 
millimeter  and  submillimeter  waves:  Models  and  computer  code.  AFGL-TR- 
79-0253.  ADA084485 . 

Fleming,  H.E.,  and  L.M.  McMillin,  1977:  Atmospheric  transmittance  of  an 

absorbing  gas  2:  A  computationally  fast  and  accurate  transmittance  model 
for  slant  paths  at  different  zenith  angles.  App] .  Opt. .  16,  1366-1370. 

Fraser,  R.S.,  and  R.J.  Curran,  1976:  Effects  of  the  atmosphere  on  remote 

sensing,  in  Remote  Sensing  of  Environment,  edited  by  J.  Lintz,  Jr.,  and 
D.S.  Simonett,  Addison-Wesley ,  Reading,  MA,  pp.  34-84. 

Fymat,  A.L.,  and  V.E.  Zuev  (Eds.),  1978:  Remote  Sensing  of  the  Atmosphere: 
Inversion  Methods  and  Applications.  Elsevier,  New  York. 

Gaut,  N.E.,  M.G.  Fowler,  R.G.  Isaacs,  D.T.  Chang,  and  E.C.  Reifenstein,  III, 
1975:  Studies  of  microwave  remote  sensing  of  atmospheric  parameters. 
AFCRL-75-0007 ,  Air  Force  Cambridge  Research  Laboratory.  [NTIS 
ADA008042 ] . 

Goody,  R.M. ,  1964:  Atmospheric  radiation.  Oxford  University  Press,  New  York, 
426  pp. 

Hoke,  M.L. ,  S.A.  Clough,  W.J.  Lafferty,  and  B.W.  Olson,  1988:  Line  Coupling 
in  Oxygen  and  Carbon  Dioxide,  IRS  '88.  A.  Deepak  Publishing. 

Houghton,  J.T.,  F.W.  Taylor,  and  C.D.  Rodgers,  1984:  Remote  Sensing  of 
Atmospheres.  Cambridge  University  Press. 


94 


Isaacs,  R.G. ,  1988:  Retrieval  techniques  for  atmospheric  path 

characterization.  SPIE.  928.  Modeling  of  the  Atmosphere,  136-164. 

Isaacs,  R.G.,  1989:  A  Unified  Retrieval  Methodology  for  the  DMSP  Meteoro¬ 
logical  Sensors.  In  Advances  in  Remote  Sensing  Retrieval  Methods. 

A.  Deepak,  (ed.),  pp.  203-214. 

Isaacs,  R.G.  and  G.  Deblonde,  1987:  Millimeter  wave  moisture  sounding:  the 
effect  of  clouds.  Radio  Science.  22 .  3,  367-377. 

Isaacs,  R.G. ,  R.N.  Hoffman,  and  L.D.  Kaplan,  1986:  Satellite  remote  sensing 
of  meteorological  parameters  for  global  numerical  weather  prediction. 
Rev.  Ceophvs .  Space  Phvs..  £4.  701-743. 

Isaacs,  R.G. ,  M.  Livshits,  and  R.D.  Worsham,  1988:  Scattering  properties  of 
precipitation  for  the  AFGL  RADTRAN  model.  AddI .  Opt . .  27 .  1,  14-16. 

Isaacs,  R.G. ,  S.A.  Clough,  J.L.  Moncet,  and  R.D.  Worsham,  1990:  Development 
of  a  Remote  Sensing  Algorithm  for  Non  Thermodynamic  Path  Variables  from 
Remote  Sensing  Data.  GL-TR-89-0300  •  Hanscom  AFB,  MA. 

Kaplan,  L.D.,  1959:  Inference  of  atmospheric  structure  from  remote  radiation 
measurements.  J.  Opt.  Soc.  Am. .  49,  1004-1007. 

Kaplan,  L.D.,  M.T.  Chahine,  J.  Susskind,  and  J.E.  Searl,  1977:  Spectral  band 
passes  for  a  high  precision  satellite  sounder.  Applied  Optics.  16,  322- 
325. 

Kaplan,  L.D. ,  R.G.  Isaacs,  and  R.D.  Worsham,  1986:  A  physical  retrieval 

algorithm  for  obtaining  improved  remotely  sensed  humidity  profiles.  In 
Advances  in  Remote  Sensing  Retrieval  Methods.  A.  Deepak,  H.E.  Fleming, 
and  M.T.  Chahine  (eds.),  pp.  269-284. 

Kneizys,  F.X. ,  E.P.  Shettle,  W.O.  Gallery,  J.H.  Chetwynd,  Jr.,  L.W.  Abreau, 
J.E. A.  Selby,  R.W.  Fenn,  and  R.A.  McClatchey,  Atmospheric  transmit¬ 
tance/radiance:  Computer  code  L0WTRAN5,  AFGL-TR-80-0067 .  233  pp. , 

1980.  [NTIS  AD  A088215] 

Lenoble,  J.  (ed.),  1985:  Radiative  Transfer  in  Scattering  and  Absorbing 

Atmospheres :  Standard  Computational  Procedures.  A.  Deepak  Publishing, 

300  pp. 

Lenoble,  J.  and  J.-F.  Geleyn,  1989:  IRS '88:  Current  Problems  in  Atmospheric 
Radiation,  Proceedings  of  the  International  Radiation  Symposium.  Lille, 
France,  18-24  August  1988,  A.  Deepak  Publishing,  Hampton,  VA. 

Levenberg,  K. ,  1944:  A  method  for  the  solution  of  certain  problems  in  least 
squares,  Quart.  AppI.  Math.  2,  pp.  164-168. 

Liebe,  H.J.,  1980:  Atmospheric  water  vapor:  A  nemesis  for  millimeter  wave 
propagation.  In  Atmospheric  Water  Vapor,  edited  by  A.  Deepak,  T.D.  Wil- 
kenson,  and  L.H.  Ruhnke,  Academic  Press,  New  York,  pp.  143-202. 


95 


Marquardt,  D.,  1963:  An  algorithm  for  least-squares  estimation  of  nonlinear 
parameters,  SIAM  J.  Appl.  Math. .  ii,  pp.  431-441. 

McMillan,  L.M. ,  1989:  Evaluation  of  a  classification  retrieval  method. 

National  Oceanic  and  Atmospheric  Administration,  National  Environmental 
Satellite,  Data,  and  Information  Service,  Satellite  Research  Laboraytory, 
Washington,  D.C.,  20233. 

McMillin,  L.M. ,  and  H.E.  Fleming,  1976:  Atmospheric  transmittance  of  an 

absorbing  gas:  A  computationally  fast  and  accurate  transmittance  model 
for  absorbing  gases  with  constant  mixing  ratios  in  inhomogeneous  atmo¬ 
spheres.  AppI .  Opt . .  15,  358-363. 

McMillin,  L.M. ,  H.E.  Fleming,  and  M.L.  Hill,  1979:  Atmospheric  transmittance 
of  an  absorbing  gas  3:  A  computationally  fast  and  accurate  transmittance 
model  for  absorbing  gases  with  variable  mixing  ratios.  Appl .  Opt . .  18 . 
1600-1606. 

Murcray,  F.H. ,  F.J.  Murcray,  D.G.  Murcray,  J.  Pritchard,  G.  Vanasse,  and 

H.  Sakai,  1984:  Liquid  nitrogen-cooled  Fourier  transform  spectrometer 
system  for  measuring  atmospheric  emission  at  high  altitudes.  J .  Atmos . 
Ocean.  Technology.  1.,  351-357. 

Murcray,  D.G. ,  F.H.  Murcray,  F.J.  Murcray,  and  G.  Vanasse,  1985:  Measurements 
of  atmospheric  emission  at  high  spectral  resolution.  J.  Meteorol.  Soc . 
Japan.  63,  320-324. 

Park,  J.H.,  L.S.  Rothman,  C.P.  Rinsland,  M.A.H.  Smith,  D.J.  Richardson,  2nd, 
J.C.  Larsen,  1981:  Atlas  of  absorption  from  0  to  17,900  cm'  .  NASA. 

Peckham,  G.E.,  and  D.A.  Flower,  1983:  The  design  of  optimum  remote -sensing 
instruments.  Int.  J.  Remote  Sensing.  4,  457-463. 

Pederson,  F. ,  1942:  Meteor.  Ann..  1,  115. 

Phillips,  D.L.,  1962:  A  technique  for  the  numerical  solution  of  certain  in¬ 
tegral  equations  of  the  first  kind.  J.  Assoc.  Comput .  Mach. .  9,  84-97. 

Poynter,  R.L. ,  and  H.M.  Pickett,  1980:  Submillimeter,  millimeter,  and 
microwave  spectral  line  catalogue,  JPL  Publication  80-23. 

Poynter,  R.L.,  and  H.M.  Pickett,  1984:  Submillimeter,  millimeter,  and  mi¬ 
crowave  spectral  line  catalogue,  JPL  Publication  80-23.  Revision  2. 

171  pp.  Jet  Propulsion  Laboratory,  California  Institute  of  Technology, 
Pasadena,  CA. 

Ridgway,  W.L.,  R.A.  Moose,  and  A.C.  Cogley,  1982:  Single  and  multiple 

scattered  solar  radiation,  AFGL-TR- 82 -0299 .  196  pp.  [NTIS  AD  A126323] 

Rinsland,  C.P.,  R.  Zander,  J.S.  Namkung,  C.B.  Farmer,  and  R.H.  Norton,  1989: 
Stratospheric  Infrared  Continuum  Absorptions  Observed  by  the  Atmos 
Instrument.  J .  Geo .  Res . .  94,  16303-16322. 


96 


Rodgers,  C.D.,  1971:  Some  theoretical  aspects  of  remote  sounding  in  the 

Earth's  atmosphere.  J.  Quant.  Soectrosc.  Radiat,  Transfer.  11 .  767-777. 

Rodgers,  C.D.,  1976:  Retrieval  of  atmospheric  temperature  and  composition 
from  remote  measurements  of  thermal  radiation.  Rev.  Geophvs .  Space 
Phvs . .  14,  609-624. 

Rodgers,  C.D. ,  1990:  Characterization  and  Error  Analysis  of  Profiles 

Retrieved  from  Remote  Sounding  Measurements.  J .  Geophvs .  Res . .  95,  D5, 
5587-5595. 

Rodgers,  C.D.  and  C.D.  Walshaw,  1966:  The  computation  of  infrared  cooling 
rate  in  planetary  atmospheres.  Otrlv.  J.  of  the  Roval  Met.  Soc,.  92, 
67-92. 

Rothman,  L.S.,  R.R.  Gamache,  A.  Barbe ,  A.  Goldman,  J.R.  Gillis,  L.R.  Brown,  R. 
A.  Toth,  J.-M.  Flaud,  and  C.  Camy-Peyret,  1983:  AFGL  atmospheric  line 
parameters  compilation.  AppI .  Opt . .  22 .  2247-2256. 

Rothman,  L.S.,  R.R.  Gamache,  A.  Goldman,  L.R.  Brown,  R.A.  Toth,  H.M.  Pickett, 
J.-M.  Flaud,  C.  Camy-Peyret,  A.  Barbe,  N.  Husson,  C.P.  Rinsland,  and 
M.A.H.  Smith,  1987:  The  HITRAN  database:  1986  edition.  AppI .  Opt . .  26, 
19,4058-4097. 

Savage,  C.S.,  1978:  Radiative  properties  of  hydrometeors  at  microwave  fre¬ 
quencies.  J.  AppI.  Meteorol..  17,  904-911. 

Shettle,  E.P.,  and  R.W.  Fenn,  1979:  Models  for  the  aerosols  of  the  lower 
atmosphere  and  the  effects  of  humidity  variations  on  their  optical 
properties.  AFGL-TR-79-0214.  94  pp.  [NTIS  AD  A085951] 

Smith,  W.L.,  1970:  Iterative  solution  of  the  radiative  transfer  equation  for 
the  temperature  and  absorbing  gas  profile  of  an  atmosphere.  AppI .  Opt . . 
9,  1993-1999. 

Smith,  W.L. ,  and  H.M.  Woolf,  1976:  The  use  of  eigenvectors  of  statistical 

covariance  matrices  for  interpreting  satellite  sounding  radiometer  obser¬ 
vations,  J .  Atmos .  Sci . .  33 ,  1127-1140. 

Smith,  W.L.,  H.M.  Woolf,  and  W.J.  Jacob,  1970:  A  regression  method  for 

obtaining  real  time  temperature  and  geopotential  height  profiles  from 
satellite  spectrometer  measurements  and  its  application  to  NIMBUS  3 
"SIRS"  observations.  Mon.  Weather  Rev. ,  98 .  582-603. 

Smith,  W.L.,  H.E.  Revercomb,  H.B.  Howell,  and  H.M.  Woolf,  1983:  HIS  -  A 

Satellite  Instrument  to  Observe  Temperature  and  Moisture  Profiles  with 
High  Vertical  Resolution,  Proc .  of  the  Sixth  Conference  on  Atmospheric 
Radiation.  AMS,  Boston,  MA. 

Smith,  W.L.,  H.M.  Woolf,  and  A.J.  Schreiner,  1985:  Simultaneous  retrieval  of 
surface  and  atmospheric  parameters.  A  physical  and  analytically-direct 
approach.  In.  A.  Deepak,  H.E.  Fleming,  and  M.T.  Chahine,  eds.,  Advances 
in  Remote  Sensing  Retrieval  Methods,  pp.  221-232.  A.  Deepak  Publishing, 
Hampton,  VA. 


97 


Smith,  W.L.  ,  H.M.  Woolf,  and  A.J.  Schreiner,  1986:  Simultaneous  retrieval  of 
surface  and  atmospheric  parameters,  a  physical  and  analytically-direct 
approach.  Advances  in  Remote  Sensing  Retrieval  Methods.  A.  Deepak, 
Publishing,  pp.  221-230. 

Smith,  W.L.,  H.M.  Woolf,  H.B.  Lowell,  H.-L.  Huang,  and  H.E.  Revercomb,  1987: 
The  simultaneous  retrieval  of  atmospheric  temperature  and  water  vapor 
profiles  -  application  to  measurements  with  HIS.  Proceedings .  Workshop 
on  Remote  Sensing  Retrieval  Methods.  A.  Deepak  Publishing  (in  press). 

Strand,  O.N. ,  and  E.R.  Westwater,  1968:  Statistical  estimation  of  the  nu¬ 
merical  solution  of  a  Fredholm  integral  equation  of  the  first  kind. 

J.  Assoc.  Comnut.  Mach..  15,  100-114. 

Susskind,  J.,  J.  Rosenfield,  D.  Reuter,  and  M.T.  Chahine,  1982:  The  GLAS 

Physical  Inversion  Method  for  Analysis  of  HIRS2/MSU  Sounding  Data.  NASA- 
TM-84936 .  101  pp. 

Susskind,  J.,  J.  Rosenfield,  and  D.  Reuter,  1983:  An  accurate  radiative 

transfer  model  for  use  in  the  direct  physical  inversion  of  HIRS2  and  MSU 
temperature  sounding  data.  J.  Geoohvs .  Res..  88(C13) ,  8550-8568. 

Susskind,  J.,  J.  Rosenfield,  D.  Reuter,  and  M.T.  Chahine,  1984:  Remote 

sensing  of  weather  and  climate  parameters  from  the  H1RS/MSU  on  TIROS -N. 

J .  Geoohvs .  Res . .  89(03) ,  4677-4697. 

Thompson,  O.E.,  1982:  HIRS-AMTS  satellite  soundings  test  -  theoretical  and 
empirical  vertical  resolving  power.  J.  AppI.  Meteorol..  21,  1550-1561. 

Tikhonov.  A.N. ,  1963:  On  the  solution  of  incorrectly  stated  problems  and  a 
method  of  regularization.  Dokl.  Acad.  Nauk.  SSSR.  151 . 

Turchin,  V.F.,  V.P.  Kozlov,  and  M.S.  Malkevich,  1971:  The  use  of  mathemati¬ 
cal-statistics  methods  in  the  solution  of  incorrectly  posed  problems. 

Am.  Inst.  Phvs..  13,  681-702. 

Twomey,  S.,  1963:  On  the  numerical  solution  of  Fredholm  integral  equations  of 
the  first  kind  by  the  inversion  of  the  linear  system  produced  by  quadra¬ 
ture.  J.  Assoc.  Comput.  Mach. ,  10,  97-101. 

Twomey,  S.,  1977:  Introduction  to  the  Mathematics  of  Inversion  in  Remote  Sen¬ 
sing  and  Indirect  Measurements.  Elsevier,  New  York. 

Van  de  Hulst,  H.C.,  1957:  Light  Scattering  bv  Small  Particles.  Wiley,  New 
York. 

Vodar,  B. ,  and  H.  Vu,  1963:  Intensities  absolves  des  transitions  induites  par 
la  pression.  J.  Quant.  Spectrosc.  Radiat.  Transfer. ,  3,  397-433. 

Wark,  D.Q. ,  and  H.E.  Fleming,  1966:  Indirect  measurements  of  atmospheric 
temperature  profiles  from  satellites:  I,  Introduction.  Mon.  Weather 
Rev. .  94,  351-362. 


98 


Westwater,  E.R.,  and  O.N.  Strand,  1968:  Statistical  information  content  of 
radiation  measurements  used  in  indirect  sensing.  J .  Atmos .  Sci .  .  25, 
750. 

Westwater,  E.R.,  and  O.N.  Strand,  1972:  Inversion  techniques.  In  Remote 
Sensing  of  the  Troposphere,  edited  by  V.E.  Derr,  GPO,  pp.  16-1-16-13. 

Yamamoto,  G.,  M.  Tanaka,  and  S.  Asano,  1971:  Table  of  scattering  function  of 
infrared  radiation  from  water  clouds.  NOAA-TR-NESS-57 ,  9  pp. 


99 


APPENDIX  A 


-  SCREENING  ALGORITHM  OUTPUT 


A- 1 


A-2 


••••"PROGRAM  FSCATM*****  88/05/02. 


oo 


U) 

<x* 


oo 

h- 

00 

—i 

a: 

ID 

UJ 

< 

H- 

U. 

UJ 

00 

Ul 

2: 

0 

— ♦ 

CSJ 

< 

0 

1 

1 

a: 

03  03 

ZXI 

X 

2!  21  21 

< 

Z2UJ2UJ 

>- 

V  ^  (_) 

h- 

V  ^  u 

0- 

y  yoyo 

Q- 

O 

5 

s»  «s  <s» 

X 

65  tsj  ts)  ts) 

r>  8}  O 

n 

t- 

5j  tv 

00 

csj  Bj  in 

< 

ca  ts)  ts)  tsj  <a 

or 

•  *  - 

UJ 

CL 

tsj  ^  tv 

< 

UJ 

—  Csj  in 

a. 

VO  CVJ  <S>  Ca  <3  K)  &) 

h- 

socM&}tS}fcar-iS)r''ts)rv. 

> 

h* 

<a  6> 

UJ 

co  —  m 

y- 

Z 

S)  a> 

UJ 

2: 

UJ  «-» 

•— 

< 

— •  «-» 

O 

< 

O 

at 

• 

OO 

< 

0 

n 

MUM 

U_ 

UJ 

N  a  M  N  II  H 

*- 

•• 

_ 

0 

CSJ 

• 

O  h- 

X 

UJ 

• 

Oh  X  UJ 

UJ 

• 

CM 

— » 

LiiXO^Z 

0 

O 

CM 

JWXa:z  u  0 

— J 

CM 

UJ  UJ 

UJ 

q_  <f  LxJ  at  — 1 

z 

<  a: 

UJ  a.  <  UJ  a:  _i  Z  <  at 

UJ 

_l  <J  < 

Q 

0 

>  3E  iNl  O,  O 

=5 

a.  < 

0 

OIN0.03  a-  < 

00 

O 

OZhZ 

0 

hfflOOI 

o~ 

UJ  00  CO 

at 

OhaJOOIo-UJWcD 

a: 

—  CM  Z  <  UJ  UJ 

< 

2: 

-•-zzz 

a:x> 

< 

Zm«Z2Zho:I> 

X 

< 

I  I  <  a!  co  _i 

O 

<_> 

»- 

U 

< 

_j 

Q- 

— J 

O 

O 

O 

at 

at 

1— 

a: 

h- 

z 

l — 

Z 

z 

< 

z 

O 

O 

O 

< » 

CO 

0 

tsj  fcj  ts*  <sj  ta 
(S)  S)  (3  ^  6) 

CM  CD  CM 

—  <a 


A- 3 


AUTOLAYERING  SELECTED 


ATMOSPHERIC  PROFILE  SELECTED  IS i  M  •  6  U.  S.  STANDARD,  1976 


CO 

co 

CO 

CO 

co 

GO 

CO 

CO 

CO 

CO 

CD 

CO 

CO 

co 

PN 

IN 

IN 

IN 

Pn 

PN 

IN 

PN 

IN 

fN 

IN  IN 

IN 

VD 

ID 

ID 

— 

• — 9 

— « 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

*— • 

9—* 

•— * 

— 

— 

— 

— 

— 

— 

— 

—  — 

— 

— 

•-* 

— 

4 

4 

4 

4 

4 

♦ 

4 

4 

4 

4 

♦ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4  4 

4 

4 

4 

4 

CM 

UJ 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UI 

UJ 

UI 

Lx) 

UI 

UI 

UJ 

UJ 

UJ 

UJ 

ui 

UJ 

UJ 

UJ 

UI 

UI 

UI  UI 

LU 

LU 

UI 

UJ 

O 

CO 

CO 

GO 

in 

vD 

e* 

IN 

PN 

01 

CO 

es 

01 

vo 

VD 

is 

vo 

01 

01 

CM 

VD 

01 

ts 

on 

*»  •*» 

CD 

iS 

CO 

CD 

CO 

00 

CO 

01 

in 

CM 

CO 

in 

CM 

is 

co 

m 

CO 

— 

01 

•4» 

CM 

— 

CM 

m 

CD 

CM 

CD 

ro 

is  pn 

is 

CM 

VD 

i  in  in  in  ' 


nnoic vj  cm 


co 

i 

21 

O 


O 

2: 


> 

»- 


UJ 

o 


o 

o 


o 

CM 

z 


co 

o 


CM 

o 

o 


o 

CM 

X 


< 


O  1  VjO 

<XUI 
oz  ui 

lx.  o  - 

in  z 

oc  * 


CO 

X 


44444444444 
I  Lii  Ixl  UJ  txi  Ixl  L&I  txl  Ixl  UJ  Ixl  IxJ 
IVON^OOtQ^-NUJvOt} 


inNi^cocococsicMCMCM  —  —  —  —  <T\cotN*Din->*<ococsj<M<Nj  —  — 
rocooocDcooococococococooocMCMCMCMCMCMCMCMCMCMCMCM  —  — 
444444444444444444444444444 

1 . 1  III  III  I 1  I  I  ■  I  t  ■  I  1.1  \  1 1  1 1 1  111  t .  I  111  111  1 1 1  111  1 1 1  til  HI  tit  111  111  1 1  f  I  ■  I  1 1 J  LiJ  LU  liJ 

tocoiD  —  istscocniDminrNCOCM  —  tscoismiscoro  —  iDOiisr-" 
cooitncM0ivDcofeacovDNrcMis  —  fNvnN*\DcocMvD— pNfotscoin 


comco<\i  —  —  covon»c\j— inco  —  coco  —  in- 


—  —  —  tSiSiSiSD'1 
44444444 

til  1 » I  111  111  111  111  til  til 

misco  —  ldvd-^  — 


(T>  CH  CD  OO  OD  CD  ^ 

tS  is  fc}  <SJ  Si  Bj 

4  4  4  4  4  4  4 

111  lil  111  Ul  111  111  LU 

Oil/)  ^  C3  CD  Lf)  IP 
n  (T»  VD  <9  lO  (VI  N 


fs  vD  vO  U3 
iS  tS  iS  tS 

4  4  4  4 
Ui  UJ  Ui  Ixl 
In  (T»  S}  CO 

men  co  ^ 


cmcmcmcsjcmcmcnjcmojcm  —  —  —  —  —  —  —  tSiSiSiSiSiSiS 

♦  ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  +  + 
Lx!  UJ  UJ  UJ  UI  UJ  UJ  UJ  UJ  UJ  UJ  UI  UJ  UJ  UJ  UJ  UI  UJ  UJ  UJ  UJ  UI  UJ  Ui 
Mi/inm^^rNC*)es}LDN&)N'»cDlS)U)h*MnvO'^in^ 
cocooiLOcMisfNinrotsmcDesmcoiDtscoaicoN*  cn  «d  in 


■  CDvnmM^CO^M  —  CO-«J  —  minCM— mCMCriCO  — 


is  is  cn 
—  —  IS 

♦  4  4 
UJ  UJ  UJ 
Fn  ID  — 

co  cm  is 


cn  cn  cn  in  enm  m 
SSiSiSiSiSiSiSiS 
44444444 

UIUJUIUJUJUJUJUJ 

miN^mcoNtcooi 

invDinrNfcjvoco^ 


co  co  co 
*S  is  is 
♦  4  4 

UJ  UJ  UJ 

cm  ^  is 

co  co  01 


CO  00  CO  CO 

^  fc}  ^  <s 

4  4  4  4 
UI  UJ  UJ  UI 
fN  CM  n* 

co  cu  co  fN 


00  CO  CO  GO 

is  is  <S  is 

♦  4  4  4 

UJ  UI  UJ  UJ 

•«*  fN  vd  — 
m-'O'is 


COCOCMCMCMCM  —  —  — 

CM  CM  CM  CM  CM  CM  <M  CM  CM 

444444444 

UIUIUJUJUIUJUIUJUJ 

inistscnmis<r»fots 

^■^TNKj’ifcnnimn 


—  CO  VD  UD  CO  CM  -t.—  Fn-MCDCM  —  - 

(MCMCMCMCMCMCM  —  —  —  —  —  —  —  • 

♦  ♦♦♦♦♦♦♦♦♦  +  ♦  +  ♦ 

111  ti|  UJ  U1  !■!  UJ  >«»  III  UJ  UJ  UI  UI  IM  UI  ui 

—  coco  —  oiCMoivo***vDiNCNiDioin 

•^NntsiLD'^-icnMrs'iinuNN 


t__C'jvD'«»COCMCM— •  —  — <^NU3VOinininifiMNN 

i— •— iiSisisiscncncncDCOCor-^rs'U3UDinLO'»T'iT'^n 

444 


CO  VO  VD 

00  n*  01 


is  is  ^S  (Tl  01  CO  GO  CO 
v— •  w—4  ■■  ^  is  is  is 

4  4  4  4  4  4  4 
UJ  txl  ui  ii»  lit  ui  ui  iii 
CM^tcocninis  — 

■^roiiDCMfNVDinrN 


co  fN  in 

is  is  is 

4  4  4 
UJ  UJ  UJ 
CM  N*  CO 
is  in  co 


id  ud  in  in 

is  is  is  is 

4  4  4  4 
UJ  UJ  UI  UI 

is  co  cm  is 

^  ^  ^4  N 


is  is  is  is 

♦  4-44 

UJ  UJ  UJ  UI 

co  vd  in  in 
fN  co  —  u> 


cor>-M>u>in^-»»coco 


444 

UJ  UJ  ui 
CD  CO  CO 

c-  r-  r- 


444444 

iii  iii  iii  iii  ip  iii 

in  in  in  m  in  co 
cm  in  in  vd  —  in 


COCMCMCM  —  —  —  0'*CDvDin''»CO(MCM  —  —  CD 

—  CM  CM  CM  CsJ  CM  CM  CM  CM  CMCMCsJCMCMCsJCMCMCM 

444444444444444444 
UJ  UI  i«l  UI  UJ  UJ  lit  III 1,1  III  UJ  i»<  UJ  iii  i«l  UJ  ui  UJ 
•— •  CO  CO  —  CO  CO  CO  — •  — '(MCUNNOMNCMNN 
cn— •uot,— -couj&}iniscorN.r^cor^mCMCM 


incM  —  coco  —  idcm 

CM  CM  CM  — 

44444444 

UIUJUIUJUJUJUJUJ 

—  incovnrNismis 
incocovoisjvo  —  cm 


*co  —  in  —  pNcsjcnco  —  co 


is  is 
—  —  is 
444 
UJ  ui  ui 
CM  CO  |n 

ld  — •  is 


01  co  co  co 
is  is  is  is 
4444 

UJ  UI  UJ  UI 
NNOUn 
co  —  is  — 


fN  fN  Os.  k3 

is  is  is  is 

4  4  4  4 
UJ  UI  Ixl  UI 

id  is  m  vo 

m  is  is  0- 


ID  VD  VD 

in  in  in 
^  ^ 
444 

UJ  UJ  UI 
—  CO  — 
■*»  VD  01 


vd  in  in  in  vo  vo 
tn  in  in  in  in  in 
444444 

iii  i^i  iii  ui  iii  in 

^  cm  in  co  in  — 
cm  id  is  tn  is  vd 


CO— *  — ‘NNNNOCOM^ 
in  in  in  in  imn  in  in  ^  ^  v 
44444444444 

iii  iii 1 » i  i»i  iii  in  iii  iii  i«i  iii  m 

— nvo't^fsin'4 
coin  —  coinco  —  inco  — 


t  CO 


^  ^J  ^  ^  ^  'J 


00  vd 
fN  IN.  vd 

•  9-4 

4  4  4 
UJ  UJ  UJ 

cn-^N 


vd  m  in 

VD  VO  VO 
•1  «— ♦  — < 
4  4  4 
UI  UJ  UJ 
CM  CO  Nf 
IS  VD  — 


'«t  **»  CO 

vd  in  in 
•— * «— «  • 
444 

txl  UJ  UJ 
IN  CM  — 

CM  is  is 


4  4  4 
UJ  txl  UI 
tS  IS  CO 

— •  CM  Nt 


4  4  4 
UJ  UI  UJ 
CM  in  ID 
CM  fN  CO 


CM  —  — »  01  VD  CO  CM  — 

NtcocorococococM 

44444444 

lil  lil  Iii  111  lil  til  111  U| 

u>  co  — <  cn  ^  — -in^t 

(MCOcoisr^cncovD 


VD  N  |n 

CM  CM  CM 

4  4  4 
UJ  UJ  UJ 

in  is  CM 
t3)  01  — 


CMUOCM— •COtnCMNf 
CM  —  —  — 


4  4  4  4 
UJ  UJ  UJ  UJ 
CM  00  in  VD 
—  ID  fN  CM 


^  ^  ov  m 

—  —  is  is 
4444 
UJ  UJ  UJ  Ixl 
CO  —  01  CM 
nt  <M  CD  CO 


CM  CM  CM  —  —  —  — 
nt  Nt  ■**  CO  CO  CO  CO 

•—4  ^  ^  ^  ^ 

4  4  4  |4  4  4  4 
UJ  UJ  UJlxJ  UJ  UJ  UJ 
CM  M  M  N  CO  IN. 

rN  cm  is  co  is  co 


01  CO  IN. 

CO  CM  CM 

4  4  4 
UJ  UJ  UJ 
Nt  COCO 
— •  VD  CO 


VD  in  "M 

CM  CM  CM 

4  4  4 
UJ  UJ  UI 
»  VO  VD 
CM  CM 


CO  CM  — 

CM  CM  CM 

4  4  4 
UJ  UI  UJ 

IS  01  co 
CM  VD  in 


—  QoinN»rM  —  —  cr» 

CMCM  — 

*— «  •— «  —•  •—*  *—*  ^  •—* 

44444444 

1 ii  1 1 1  lil lil  lil lil lit  lit 

^CMCOCOCOOI^CO 
CO  CM  VD  — •  — «  01  ♦  in 


r^roiM— *incM  —  intMi^cM 

—  is  is 


444 

ui  ui  UJ 

cm  cm  in 
—  is  is 


is  01 01  co 

—  ^  is 

4444 

UI  UI  LU  UJ 
CM  CO  VO  VD 

N*  &)  CO  CO 


CO  fN.  fN.  VO 

is  is  is  is 

4  4  4  4 
UI  UJ  UJ  UJ 
CO  rN  GO  VD 
cm  is  m  in. 


—  —  01 

01  01  01 
^4  .■<  ^-4 

4  4  4 
UJ  UJ  UJ 

in  —  01 
uo  co  is 


vd  co  CM 
01 01  ui 

•—4  ^4  ^4 

444 

UI  UJ  UJ 

01  is  ro 
co  in  in 


-4|N^  ' 

01  01  01  < 
r-i  w*  —4  • 

4  4  4 
uj  uj  un 
CN  co  01  • 
CO  CM  is  1 


•  VD  CM  — •  VD  CM  CM  — 
>  CD  CD  CD00  00  GO  CO 

•  «~4  *-4  r-*  0-t  r4  •— 4 

4  4  4  4  4  4  4 
J  UJ  UJ  ID  UJ  UJ  Ixl  Ui 
4  iS)  GO  CO  NT  nT  m  VD 
.  iDin^inrsisjM 


—  01  co 
co  co  co 

*-4  »-4  •— 4 

♦  44 
UJ  UJ  UJ 
VD  CO  VD 

01  in  — 


cn  vd  in  - 

co  CO  co  c 

^4  9—4  ^-4  t 

4  4  4 
UJ  UJ  UJ  1 
in  n  4  * 
cd  in  co  * 


'  Nt  CO  CM 
INfNh* 

I  9-*  9-4  —* 

4  4  4 
I  UI  UI  UJ 
VD  CO  Nf 
»  In  00  VD 


— 4— .CDVD^CMCM  — 
IN  N  IN  IN  ID  VO  VD  VO 
44444444 

lil  lil  lil  til  lil  lii  lil  lil 

COCMVONttsfijOICM 

coiniNCMcoco^oi 


—  VD  CO 

VD  VD  in 

4  4  4 
UI  UJ  UI 
CO  CO  CM 


—  VD  CM  IN 

in  in  Nt 

4444 

UI  UJ  UJ  UI 
CO  CM  NT  CO 
CO  fN  CO  CO 


CM  VO  —  ^ 
CO  CO  CO 

9'  4  •"  *  .  4  .  1 

4  4  4  4 

uj  uj  ui  uj 

—4  CO  CM  01 

fN  01  9—9 


CMCSIIM-^— •OICOlNvDin^^COtMCMM  —  —  —  —  OICDinCOCM  —  —  COin^CMCM-^VDCO— »CDCO  —  fNCM  — 


pn  m  nt 

01  cn  vd 


|N  CO  CO  CO  CM  CM 
is  —  fN  fN  CM  01 


NT  CM  VD  rN  VD  01  is 
01  —  CO  CsJ  VD  CM  is 


NT  in  CM 
vd  is  — 


pN  ^  < 

IN  co  CO  c 


1  ^  CD 

I  Nt  01  ISJ 


01  iS  CO  CM  01  Cvl  Nf  9-t 
tSINCOCOCOvD^CO 


CO  CO  PN 

CM  — iS 


CM  —  C5 

is  is  is  is 


is  is  is  is 

iS  ^  iS  (Q 


—  VD  CO 
IN  ^  CM 
CM  CM  CM 


CM  CM  CO  VO  —  VD 
iS  00  VO  '•t  CO  — 
CM  —  —  —  —  — 


—  —  0V  OI  ^  CO  Cn 
CT1  CO  VO  UD  in  NT  CO 


—  fNCOOlVD’MCsliSJCOvDNtCM  —  — 
COCMCM  —  —  —  —  — 


tS}&)iS)iS)&3(S)iSiS&3iS&}iSfel&)£>)iS^iS£)&}cS&)^^^iS^iS^)iSiSiS&)tS^63t3iS&)iSiSiS£}&9iS&) 

cm  cm  pn  (sj  rN  cm  in  cm  In  co  co  fN  rN  fN  fs.  f>.  rN  rN  in  pn  vd  vo  vd  vd  id  is  in  in  01  ^  co  cm  vd  rN  co  fc)  co  vo  ^  vo  01  01  ^  • 

CD  —  ina>CMinO1CMVDC71COlDVDVDlDVDVDVDVOVOlD|NCO0liS  —  ^VDiSvDCMlSP^NtiSjCSJiSJINCOOICOOOCOlOCOin 

CDCDiNvovDinNf^tcocMCM  —  —  —  —  —  —  —  —  —  —  —  —  —  CMiMCMCMCOCONfintnvorNrNiD^tco  —  iscncocococn 

CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CMCMCMCMCMCMCMCM  CM  CM  CM  CM  CM  CM  CM  CJ  CM  CMCMCMCMCM  —  —  —  —  — 

is  is  i)  is  s  (s)  is)  S)  ^  is)  is)  is  is)  is  is  is  is  is  is)  ^  s  is  is  is  is  is  ^  is  is  is  is  is  is  i)  vd  ^  VD  cm 

tsisisisisiSiSis<s^is^isisis^iS^isis^^^iSisisis«sisiS^isiSis^}Ooes^escM^inN»GDrNco 

ists*sisisis«iis^isisisisisisisisisisisisisisistsisisisisvnis  —  is  —  isr^inDiaicMNttsNf^tstS 

(S^l^)iSiS^lfiSiSiSlSS}iSisS)iSiSiSiSiniNOicr»rNrN(Moi(oiN  —  -uiniNUjcncnaicM  —  ismcM  —  isistsis 
^oo^cMvDincM- inis^iS^corN  —  iniovDiDCM(M'«»vDrN-4t'«roi6)rN  —  cois^iSfN-^cM  —  is&)iSK)istsis 

cooDi/>  —  iD<scM  —  vDcoinpN^rm—»-coa5inN»iniNis)-«tcninrN  —  coin'4tcMCM  —  — 

—  0icr>S)  —  N»rN—inisvDCMC7ivD*»»CMiscop^vDm-«»-<tro(MrM  —  — 
esa>pNfN.vDin^NtcococMCM  —  —  —  —  — 


uj 

_j 

o 

z 

< 


ts 


UJ 

_j 

CD 

00 

CO 

O 


■ 

z 


<J> 

UJ 

X 


txl 

CJ 


< 

>- 


X 

CJ 

ZD 

o 

QC 

X 


X 

*- 

< 


CJ 

z 

o 


ac 

O 


z 

UJ 


X 

K 

< 


-  isisis^isis^isestss)isisisisis^isisisisisisisisisisis<sisisisiststsisisisisisistsis{sists 

x  6}isisisis^isisisisisisisisfiiisis*sisisSisisisisisisisisisisisisisisisisisisisisisis<sisis 

y  iSisiSiSiSiSiSiSiSiSiStSiSiSiSiSisiSiStsfStsisiSisisinismiSLnisinistnisiSisiSiStsiSisisiSls 

—  cmco^ii>vdinod0i^— fMco^mvDiNcooi^  —  cMroNtmrNte)CMiniNis)CMinpNtsintsinisinisinls>mis 
^,^,M^^,^^,^,^,^,fM(sjrMf\,(sjM(Mnfonroif'<j-4TvininLOLDrNNCDcooicnis 


> 

<J 


—  < 


aL 

O 

x 

CO 

< 

O' 


—  cvjn^rinvDfNCDails  —  CMCONtmvDpNCOCTiC}  —  CMfo-MinvopNcocnis  —  fMCO-TrinvorNcooifc)  —  cMco-^riniD 

—  —  —  —  —  —  —  —  tMCMCMCMCMCMIMCMCMCMCOCOCOCOCOCOfOCOCOCO'^t^'^Nt^^^j 


00 

< 


A-4 
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CALCULATION  OF  THE  REFRACTED  HATH  IHKOUGH  THE  ATMOSPHERE 


al 

< 

CD 

o 

X 

Od 


o 

x 


DC 

<  ^ 

CO  — 


ad 

< 

CO 


UJ 

OQ 


UJ 

cn 

o 


CO 

X 


UJ 

o 


UJ 

o 


•-«  C5 
x  uj 

Q_  Q 


O 

UJ 

o 


<  ~ 


UJ 

CO 

o 


UJ 

i3 


< 

O' 


< 

oc 

o 


o 

UJ 

o 


<  ~ 


UJ 

X 


C5 

UJ 

o 


O  X 
h-  ^ 


o 

z> 


<r- 
o  x 
or  v 


cn  cr>  cn  cn 
♦  ♦  ♦  4 


m  cn  co  in 
^  CM  — ■  G* 


cncncncncncncncncncncncoaocoajcocococo 


UJ  UJ  LlJ 
in  m  'vt 

cn  oo  r- 


UJUJUjUJUJUJUJUJIjJ 
Min  in 
id  in 


(DCDCOOOCCCOCDCDCOCOCOtNNrvrcNfsNrsNMDOiClOlDiillOOlOtOin 
♦  4 


>  G*  —  in  r-- 
r  m  CM  GJ  i 


UJ  UJ 
—  CO 
CO  — 


UJ  UJ  UJ 
CO  CM  tS} 
U3S)  JS 


UJ  UJ 

cn  a> 
—  cn 


co  cn 
cn  cd 


4  4  4 

UJ  UJ  UJ 
Gj  ^  ■"» 

<\jn  n 


4  4  4  4 


ID  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  LJ  UJ  UJ  IU  UJ  UJ  UJ  UJ  U)  UJ  UJ  UJ  UJ  UJ  Ul  U1  UJ  UJ 
MC3— ^in'JiOMr*”nNM(T»Cn(MLOrv  —  CO<NJMN<n  —  MOUCT' 
6}ODrv'J(\j5jQ(NjCOLD^iGfVDM^r^r'NCON—  lfUC--lOt!) 


CMCMfMCM  —  —  —  —  —  —  —  — 


•  cr»oooor-r^LDLn->JConncNJC\jc\i  —  —  cncoLD'«»mc\j{\j  —  coiDin^mcncNj  —  —  cnr^ 


G}  cm  id  r- 
cn  m  cm  6) 
cn  tsj  cd  cn 


OUI3N 
ID  LO  5) 
iDMD 


CD  CM  in 
cm  in  cn 
vd  cn 


vD  CM  — <  CD 

cn  in  cn  ta 
cn  o  co  cn 


CD  CO 
vD  cn 
vd  r- 


co  cn 
oo  ro 
in  r-*. 


CM  — *  G} 

mints 

■onn 


O  «sj 

tsj  Gj 
rv. 


ta  <a 
tsj  Gi 


^  tsj  (SJ 

^  ta 


GjGjoovDvDvDvDCD'^fv.-^cnrocn'-mmcDinco'  i^Nmocjn 
tsjtsncocococo^rvincMinncococncocMrvTjinco^iDoi^N 
r^rv.— .ts)G)G)tacor^^-— •roncn— «m-^vDincovDC0vDC0cn^r(M 


co 

co  oo  (v  rv 
CM  CM  CM  CM 


6}lDH 
TV  ID  U) 
CM  0J  CM 


cn  VD  CM 
m  in  in 

CM  CM  CM 


in  (M  CD  -c 
^  <  MM 
CM  CM  CM  CM 


— •  fs 

cn  cm 

CM  CM 


G) 

CM  CM 
CM  CM 


r-.  vd  id 
CM  CM  CM 


VD  vD 
CM  CM 


vD  VD 
CM  CM 


iDlDlO 
CM  CM  CM 


iDinrvcocntS'-^^mcoonrv^incnnfvtsmcotsiDtsiDcn 

-innmiDiDiDrvioiom^ 

cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcnjcmcmcm 


mDiDtsmrvTi-.cD^ajcn^)TjmvcncDincnGtS)5)CDCOt3mtstS)<snnr\jrvr'.cOMinminiv-(viinMfvTj{sNfVTriJDtsrvm 
cocnr^tavDG}^vDG?G)^^^incon.CT^tavDcntainG}CJCMtar^iDvDf^cncor^cncacnrvGjcritarv.rioo'^Gjvocoincoco'^r--«c<)'^f'^r 
vDcocoinm  —  covDr^cv  ^mcnmGjvo  —  inin-*rcnr--*rfM-*»GjG)— •co^-CMCom  —  iDCM(Mrvcn(nr^rr)iniDG5'«»G)r\r0'-«(niD''»co(M 

mrvmmcoincumfvLD-mfviDN^ntntstscnn-cntsiDCMO^iD^mvcsjrvm'-'^crirvicm’cnncvjrvj  — 
mconN(MNncD'Jts)^S)rs-',JMPTN'}ro^rvLnn-*  —  cncoNiDinm'jnncMcsjcM-’ 
O\CDC0MviDU3tninmM<01C101(MM{M(MCVJ  —  - 


t9fcQt$ta*9i5»tst3£)&>&)<9ta£*&)t3&)i3&X9ta{^&i&)^fca^ta&}&}ts)tatsi3ta&)Otats)ta&)&afcata^G)t3<aiaG)eafe)CS}64fca 

00  OOCOCOCOCOCDCOCDCOCOCOCOCOCOCOCOCOCOCOCDOOCOGOCO  CO  GDGOCDCOCOCOCOCOOOCOCOCOCOCOCOCOCOCOCOOOCDCOGO  00  CO  CO  CD  CO  CD 


(St9t9&)t9G>btS^btsS)iS&&}tSt9&t&t9(0&bt9tStSt9iSbt9tStSfi)&}tStSC}tStS^)&tS&btD&&»tS)t&fiitSbbt&tS> 

G)G)G*G}G*G}G}G}G*G}G>G»G}G}GiG)GiGiGiGiG}GjGjGjGjG3G*G?{a^fcatacat5t<afcaOfcaeaG*GiG)G}G>tsGjGjG}GiG}GiG*GjtsG? 

G}G*G*G)GjG5GjGiG}G$G}G)taGiGjG)GiGjG)G*G)G}GiG)G*G*G*G}G5GiG>G)G}G?G?tatatatSi<SiCatSjtat5tfc}<S}£afcifc}fcJfc5fcafcafcak) 


G}G}G?G}G}G}G)G3G)G)G}G}G*G?G}G}G}G}G>G}G)G}G}G}G}G*G)G)G)G5G?G}G*G}G>G}G)G}G}G}G}G}G}GiG}G*G}G}G}G}G)G}G}G}Gj 

G}G}G}G5GjG}G}G}G*GjG)GjG}G*GjG*GiGi(a&}*a&jf53G}G}G}G)G}G}Gjtsita&5tacaG?G}G)G}G?G>G>G}G}G*G}G}G}G)G}GiG}G5G*Gj 

G}CMG)^taiDtacD^^GiCM^^C3iofe5cotaG)tatsjG)cMG)G)G)tacoG}iats)G)^ia-^Lniamr«.tacMm'«<»tsjmrvtacMin<35cois)rrG5 

^^CM(MOcn^^inion.r^cococncnG}ls}--*CMro'«»ininvDiv.oocncnG}^CMCv)'«tininr«-ls)CM<MinvDrv(ntS)CMCMiniDrv.^'«1rinooG) 

^,^^T^^,^^^^^,rHr-,^cvjN<M(M(M<'j(MNnnr)nnc,)(Y)'^^^Nt'f»mminmiD 

taGjG)^<s5t><5t5S)^^^<s)^<si^tts)fc}*s5^^ts»i^Gjtafe5^fe3ta*3>ta<s;^aC5i^ts)<s50iats)OtsjGjS)Ca<s*^ftjta^sj*s)*s}taCa*3a 

G)<MC»^CDlD^C»{MG}G)CMCD-M-lOlD'*TCOCMG?G}G)G}CMCOGjG>G)COCMG)G}GjG)G>--'-'*inin(MrOCMrOCniDin(MrnCMO'JinCOCM-«TvO 


-  —  CM  CM  CM 


CM  —  • 


CM  »-«  — •  CM  *VJ 


CM 

X 


G^GjtacafcatataGjtaGjGjGj^^^taGjGj^GiGjG^GjGjGjGsGjGjGjGjG^GjGj^GjG^GifcaGjcstasa^tjGjta^tejta^ta^^tjta 


G)fcaG}G)GjG}GjG?G}G>G>G?«a&}^S}tafc?^*staG}G*G}G}G}GjG*G}tsfca&*<aKiS}tatp&*&tSitat5iGiisaG*^GiG*G»GiG*G*GjG}Gi 

tacMtsj^»5}»DG)ooG)ta<acMta-,*'iavDtacocaG)taG)G?(MG?tsjG5G5cotats)^aGjCats)'-,inis)inrv.tacMin’^G}inf^tacMinfe5oo^^JG) 

—  —  iMCMnn‘*t^rinu)rv.rv.cooo<ncniS)S?  —  cMn^inmvDr^cocncnG?'-cMcnvjininn>GicMCMinvDrv.cnG)CMCMinvDfv.Gj^incoG) 

*-*  *~~*  •—*  «— •  *“•  »— *  •—•  *“•  cm  cm  cm  cm  cm  cm  cm  cm  m  co  cn  c*i  c*!  pi  cn  ^  ^  in  in  to  in  vd 

tS)  fi)  tstSS)&)tStSt&fi)&|tS^^}C>)^)St^)^  ts  Gj  G)  G)  G)  tS  (a  S}  tst  Gj  ^  G}  Gj  Gj  (S)  G)&3G)6aCa(aG)G)G)  G)  fi)  &)  US  Cs)  (S)  t&  tS  ta  G)  Gj  G> 
G?G)Gjta^<aK)GjG)G)G?G?G)G)G)G)G)G)tatS?S>G)G}G)G>GjG)GjG}OG}G}G}G>G?G)taG>G)G)G>G>CaGjG)eaG)GjG}GjG3G)G>G}G) 
G)G)CMGj-*rG}vDG)CDG)G5G?CMG?'^fG)vDG)COG)G}G)G5G)CMG)GjGjG}COGjG)GjG}G)G?— •LnG)Lnr^G>CMLn^rG>inrv.G)CMinGjCDG)-»J 

--(\/Mnnx»'«»iniDNNCDOO(n(ntsts-fMn^inininrvcocncr>ts^fvjn'<immrstacMCMmiDN(nt3(MMmiDrvtS'9inco 

•“*  w~*  *“ *  *,— *  •■*■•  *“ •  *~ •  *“*  •"■*  *“*  CM  (\J  CM  CM  CM  CM  CM  CVJ  CO  00  PI  P)  PI  PI  CO  in  in  in  in 


—  CMr*)^invorv.ao<nCa-^CMCv>^invorva><nG>— «(Mco^jmiDn-a)cnG>— CMroTTininr^cocnG)— «cmc 
—  —  — .^^-^(vj<M(sj(MtMMPJ(M<M(Mnnnnnnnr)npi'C'<'»' 


*«TinvDrv.oocnG?  —  cMcn-rtin 
^•ffn^Tt^mininmLOin 


A-6 


60.000  62.000  .000  2.000  62.000  .000  .000  180.000  .000  .000 


in  in  in  in  in  to  ■*» 

+  ♦♦♦♦♦♦♦♦♦♦♦♦♦ 
Lii  UJ  Ui  UJ  UJ  LlI  UJ  LU  UJ  LlJ  LlI  UJ  Ltl  L*J 
ooo^coO  — 

0'-<NJ'^r^-rocr'GiS)'^oiX)  —  r^CT' 


LO^fOCM  —  ^COtO^»CM  —  — — 

rvcrMn^MCOcomM/i^^OMn 
iDVJ)coa'(\jN'^cni/)(M'>fnn 
rovrjfOLO<\ixf-«»Ln  —  mcotninoj 


•«iNwua6)LOcn,co>'^CDr^N- 
^nnNM- .G)tS5<r>cncococoCT\ 
— 


rvir^  rr^^isjusco  —  r--<*ro  —  — 
*-^-,»S)i5)i5)C5iS)<S)iS)iS)iS)iS)iS) 


Cj  6)  ^  ^  6)  {5  ^  S}  ^ 


(s)  S)  ts)  ts)  (5  6}  ^  (s)  ts) 

tS)  tS)  tS)  tS)  CS)  (S)  6^  (3)  ^  iS)  iS)  ^ 

C)  ()  ^  fc)  &)  S)  t)  is)  is)  G)  G)  iS) 


IS)  Isj  5)  (S)  t)  G)  iS)  iS)  iS)  G)  () 

ft)  f)  K)  K)  ft)  ft)  ft)  fC)  ft)  ft)  ft) 

ft)  ft)  t)  G)  G)  G)  G)  G)  G)  6)  ft)  ft)  C5 


i5)&3i!3£Qt5)^&)&)&  S)  ^  tS)  is) 
cococdcococococdcdcooococo 


ft)  ft)  ft)  G)  iS)  ft)  ft)  ^  ft)  ft)  ft)  ft)  G) 

G)  G)  ft)  ft)  ft)  ft)  G)  ft)  ft)  ()  ft)  ft)  G) 

ft)  ft)  G)  G)  G)  65  I5  G)  I5  ^  G)  ft)  G) 


iS)tS)i3)iS)tS)G)G)tS)tS)lS)(S)iS)C) 

is)f^ts)is)ts)is)is)is)is)is)is)ts)is) 

ts)is)is)is)fe)is)is?is)is?is)i!){s)is) 


tS)ft)lS)tS)is)is?ts)iS)tS)ts)ts)G)iQ 

tS?iS)G)<S)S)iS)tS)^tSiS)<S)S)i5 

is)r^tnls)^i5)^ls)ls)'^ls)t^S) 


ioiO(r>tS)^iocr>S)LOinis)iois) 

lOU)VDNNNNCOCDCOIMT>G) 


S)i^OG)i!)i5^{S)tS)G)ft)t5^ 

tS)iS)fS)5)i^5)fc)^t)^fc)^tS) 

fi)r^coto^cn^ix)is)’^ix3l5is) 


n  ro  ^  ^  in  ^ttnin 


ft)  ^  G)  G)  is)  ft)  G)  ()  ft")  G)  ft)  ^  G) 
ft)  G)  ft)  ^  ft)  ^  G)  G)  G)  G)  G)  i)  G) 


ts)iS)iS)(s)iS)^&)K)^^iS)i9&) 
ft)  G)  ()  G)  G)  ^  G)  G)  G)  G)  G) 


inin(nG)<<MniT^^ininG)inti!) 

invDiONNft.Ncoa>coo(n^ 


G)  G)  ft)  ft)  ft)  ft)  G)  G)  ft)  ft)  ft)  ft)  G} 
G)G)NinG)-<G)nG)G)'^G)G) 


Minino'G)^in<nG)inini9in 

iDiflioiD^rvNNCDCOcocncn 


^>r-a>cr»is)— .roro-^muor^cocr* 
U')tOlOlOvD’J3vOvOtDiOvDvDlOiD 


A-7 


«(>jr>r>r»r>r»m<vr>r»fMr><Mr>nfsir>(Mor>rMvi<M(MCM<MCM(M— ■rsifMfMCMOj  —  <vicMrM»-<M  —  —  —  —  <7*  6}  G)  O  6t  <*  (& 

NNNNNfJNNNNNPJNNWN(VJf\JNN(MNWrgNMCJNfMMNNNNfSJN(SJNNN(M(N»NNN(M(NJNMNNN-(yNNCg-N 

».i  m  iu  m  in  tn  ui  i.i  iii  uitjjuituuihiuiujujuMiiuiUJUiuiuiuiuJUiuiuiuiiuuiUiUiiuuJUiiiiUJUjajiiiiuujujuniiUJuiujuiiiiUimtoiujiiiiii 
N^on^iAinoun-*  c\ic04O^voc'>mtf><scnfvjcDin<,r>vor'>*r',*‘r'^iJi'^a'».~«^cvjc\j— •coa'n^voea^rc’icsi'—  ^®CMas-*.-.CB^U5CNicvia%tnr»»r> 

*  •^<nmr»>r,*-n-^f^-^rou3r^r^u3^viJi/)r,*-ioa)vDc^iNj<r*o>inrv^o,»-^cocNjc*>'^n'«»Cau)cr'^<7''^cn  —  nn  —  focrkrvr'.vococg-- 

Cjifl«)N«(y«r*.^ONC}(7'(nN*-nnN<N5i-vo  — u)NoncDuit9u)(MQ3N^va)CataCju)M<3tf>nn^<fio,)vfl(ncDC»)nu)Ne' 

iA  chn  » •  ^  w  —  isj^oocatn-^GD  —  o  -* «—  -«  o>  — ncoir^nNnntMN  —  «—  o  o  ^  —  o  <w  csj  a\  a>  —  —  ^  to  cm  cvj  oi  — •  • 


(D^a>CDffl©OD®Kffia5KCDN©Kf>.®?vCDNNNNK»VKNN*OrvNKK\OinNNVOl/>\C»£MCa)U>in«U>intf)irifl<,»^«V«r»V 

♦  ♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
M  M  W  til  W  M  W  IaI  W  UJ  Ui  Ui  Ui  Ui  Ui  Ui  tu  Ui  Ui  til  Ui  Ui  Ui  UI  Ui  UI  Ui  Ui  Ui  Ui  Ui  Ui  Ui  Ui  Ui  Ui  Ui  Ui  UI  Ui  Ui  Ui  UI  Ui  Ui  Ui  UI  UJ  UI  Ui  Ui  Ui  Ui  Ui  Ui  UI  Ui  Ui  UJ 
wgiu)^w»^f|iNinKO^N^^u)N^u)N-^vfl©u)^-iO-^i/ifn©N©u)Kwnrt^-*Na30D--inu)a>wfunu)l9-©Nf|i 
ZMCDlOAQOKCDlUUiVD&iNlOlflNOtrlSlNNfM^GONOWU^^NrvS^NN^^N^^^N^^Ui^Knn^tnNCDifiVDnl&liXTlN 
g.i|K(|tn<MD'*«MN«N«*|0MtQi0(KMM^0in^Ntf)6)Ni0nnnCiiiONOKU>>«a)^K«NM<S)O>NlOi0NiO«(JiNNK{Dnn 


fh.iAK^KK«Df^«OKKU)NU)«Du)u>u>u)u3U)U)U)iAU)ininiAii)«ininioioin«ioiflin 


♦♦♦♦♦♦♦♦♦♦♦♦♦ 
(S|  Ui  UJ  Ui  Ui  Ui  Ui  Ui  Ui  Ui  Ui  Ui  Ui  UJ 
(  o  o  CD  in  Cst  VO  (M  C*)  tB  CD  CS)  (M  o> 
Xooo^r^^crs^aa^cocD^— sj 
u  u>  to  *  -•  %n  cd  to  is  — 


♦  ♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
uiuiuiuiuiuiuiuiuiuiuiuj  ui  uj  uj 

cor^CDmvocrtcrtincsjvovo&jcrtcrtts} 

OSNOSU)N(*)ODN(7t(^^(S}CDtS)<^ 


♦  ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
ill  l»l  III  I«1  I.I  I«»  til  111  l^f  l«l  i»i  1.1  l«l  l.«  l»l  ui 

lor-isrocnlsi^^iscTtcrttottjcocDCM 
r«-r^(r»CP^r^ntBi^t'^cMCDcv>r^.^  —  cb 
ntsj  —  r^m-^cocsjina'cncvjfsicnaDr^ 


♦  ♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
uiuiuiuiujuiujujuiuiuiuiujuiui 
a>^*S}f,>*r^rv.fMOMOCOvoinr»co^» 
cDCMinvD  —  oocDcor^mcsiio^iocD 
NvflNnm'uuiNiOin  — nosn  — 


_j  r>uDWi-»  —  —  o»  —  •«  —  —  n  —  ^vovnmvo  —  lij-^ru  —  m  —  CDvo^rsiiooi—*  —  —  —  —  cm  —  -<o>o>r>r»<v  —  ^r»r>  —  —  ruv  —  cm  —  —  -«^cvj 

O 

X  Kh.KKKKKf*.VONrvsONNNNfvNU)rv|K^NU)sosDSOSOU)tf)V£M£ll)U)U)inU)UMD<inininU)^^r»^Wnnn-"NNNN-N 


i/i  111  V*4  Ui  1,1  UI  *»*  UI  li1 1,1  UI  ***  1,1  Ui  Ui  11 1  Ml  Ui  *«*  Ui  1,1  Ui  1,1 1,1  1,1  1,1  UI 1,1  1,1  1,1  1,1  1,1  1«<  111 1,1  ||f  i^i  i«i  iii  iii  iii  »«»  iii  iii  ^»«  iii  i«i  iii  iii  ti i  tii  iii  iii  m  iii  iii  tit  iii  iii  i.i 

^0*^to<s^^^^c^^<^rv<rt'^i,^cvj't*cMCNjcMfc*tncMp’>cM^<McoGt40^to--*cv>c*>--*^i^.~*<'*in<'«*c><sjf»>a>ir>^to^to~«tor*“.co4ntorvin--* 

ZNMD<DN^NNa>^'«u)vonu)not(vjr>«n(^<intS)^Nr^NCo^'<»(n(nos(,i)'«nn^so^^CDNOscoN(s)a)(si9soxu)na>ostS)U)^^ 

^zfs.^i/>u)»^«ncM^-o>vo-^f^cnrr>cnf^-^<sjcD  —  cDincocoinCs>^^5<sj<J'a5CB’^^u>^i^r^(B^<T'UMsi  —  '^foiatoro^»o^<Mr^^roilsj«cNj 

O  . 

X  rs.~-m<Me*«n*M^<7t^^f^<vi  —  —  —  —  cm^cm  —  —  -*cMa>atf^\o^cDcncncMC\i-*-*CM  —  —  —  —  cMvococMto^t^cnr^cDCJCMCMci  — 

< 

U)U)Si>U)U>U)U)Si)U)U)U)Si)U>U>U}U)U>Kli)Nr^NMi)NNr^NNvONNr>sNNU)NNNU)rvNrvNU)NinsOU)sOU}SlXlDli)U)lA«« 

o  ^1^.  —  — .  —  .^-1— 1^.-.^.-.^-*^.— —  1^.^.^.^.— . 

UJ  +  ♦♦♦♦♦♦♦♦♦♦♦♦♦«-♦  +  ♦♦  +  +  ♦♦+♦  +  +  +  ♦  +  +♦♦♦  +  +  +  ♦♦  +  +  +  ♦♦♦  +  ♦♦  +  ♦  +  +  ♦  +  +  ♦  +  ♦  + 

f—  UI  Ui  UI  UI  Ui  M1  Si1  I  sJ  UI  UI  UI  Ui  Ui  UJ  Ui  IaJ  Ui  \il  111  Ui  Ui  bi  Ui  ii«  Ui  ti1  Ui  UJ  *«i  UJ  »«■  »«i  in  iii  i|»  til  w  (|l  III  UI  UJ  UI  UI  ill  1,1 111  »»»  til  UlUIUIUlUJUiUlUJUJ 

<cn<7\voci^cn<NjcocD^o>ii>co^CBfs>»oeatBincieiU)r^^mu)or»^-»<no>-^^CM^^T»nvor>a>^rcMo^vo^-^o%^rvo><D»nC3joDvoinin'v-« 
ocONtfXMMDN^-*  intao^cottjCDf^^  —  in^-^p^io^^»a>inu>tacniovoncn^ra'^r^a)csjr-incsif^^ina>'^<M^»^inr)inoDio^,^cr>  — 
\3  r^r»^uia>»oriu)  —  f^CDCvj— *r^CDrvcn<s»^GDeacvjtnncMCNjr^csiU3^tfv.coa)vocnc4a»^^iOvoix)r>iocD  — 

uj  . . 


CMCMcsuncsirjco^no^^^^^-V’vcDrviOfom 


n-NsOM-W-^U)----^ 


**  t!QB}^t&^B)S)tSS)K)^O>(^^CjlS)t9^(TS(S)tE)S)(S)ONO>^(7N^O>O>(7>O>(^0>(7SCOOM7SCna>(n(DCDCDCDa)NCOa>COa)a)iOONNKsON 
CNJCSICMCMCSiCSICViCMCMrMCM  —  CM<M<MCM<\iCM—*tM(Virjrsi— .  —  —  —  i—«— •  —  — 

UJUiUiUiUJUiUiUiUiUiUiUiUiUiUiUiUiUiUiUlUJUJUiUiUJUiUJUiUJUiUlUlUiUJUJUiUiUiUJUJUJUiUiUJUiUJUiUlUlUiUiUiUiUiUlUlUiUiUi 
<M^^^a>^tBr^MCNjcor^<sjvDts>^vo^— •CMCDfsj’^r^cMcorvfciCDr-^conroM^^CBCD'^csJinvocnrvrv.^rvcsimcrMrs^cDinvo  —  a>n^ 
0^'i*«olsiu)n(T'-NCo®-(M«<n»nsflsors^fl)(n,«n(»)in^N<i)^r)lsos(ncDnNiDa),«co-*csjcnNU)Mi)cnvovflcp<»a),«'»co«)(vj 
US>JONNCDU)Nn^N('iiSllSl^O'CB^-<tarJO'VD^U)MSlCaNP)NSi){D&)<(nN^(DtfJVOU)'itCDU)NNNSO^nl5U)COlS»NN<5}nla 


CD^-inNnnN^r-^^con 


CMincsi-*  —  —  c\io>-.cw‘‘-m~Ln^»^coc\i<\Mnoc\i~-  —  toinvo  —  innco  —  —  cvjcMr^—Tnn-^rr^cn 


ui 

> 

< 


> 

CD 


O 

X 

< 


at 


to 

at 

O 

</> 

CD 

< 


< 

at 


^|#*^^»Wi*.^p-5j^1(5j{56jBjB)OsOSOSCDq>CD(DCDNCDOa)NNNN^Nfs-NVONNrvSDNVDU)r**SD«>cnv(>SOVO«)lOlflU)lflinUJ«in 

til  111  111  111  Iii  Iii  Lil  111  111  111  111  til  lit  lit  UI  UI  111  111  til  I.I  111  111  111  111  111  111  111  111  111  HI  LiJ  LiJ  lit  HI  LiJ  111  111  111  111  111  111  lit  111  111  111  III  111  111  111  1.1  111  111  111  111  111  III  111  ^||  111 

Ofor>><n^CBiovoa)^<Dvoo>cnrc<DCD»-«-^co~*tf)~*v0ininiB~*voric,>ino'r'>in<rtr)CD.-«t0(vjin<7>cnt$^rr>cocDti)tn^rr)CB&)U)ts)<siCsa~* 
C'irs.t9csic,>flO<NiiNjcDr4voa>fsi‘^ri^u><vir«‘r>o»^^crso><»inina)C7>uJcvi^,cNj<r\r>si>aDcrjr>tti«n^^-^csii^<T'tnrvf,vCDt^rsi^invo^cDCNi 
□c  to  r-  ts  *>  — •  —  voniniomcn<s}t*)^tsjor'»ncna>cDcvir)a)<McvjCBcr»<vj^»r^CD— .'tfcnsi)cr)'jrs'«tni/)N^vDCDcoNcn^NeaNU)^c,g^mn 


-wa»n^r>  — N<-*o\-^-^N(Sinu)-co^<Nj(n^--.oDsO'-«3inu)'^nnMnnrj(M(ncD-'(MaDinin(NjNr)^^^u)U)U)<^(n 


<siCNjc'icsicviCsi<viC'jcNiCsirj<\j<vjCNicviCNJcsi<vjc\jcviCJC\jrsJcvj<\jcvj(\irsjcvjcsjcsjc^cvjcvjcvjrvjcsicviCNjf\Jr4CNjrjrsirsic4CviCsiCNjf\ir4C\jr4CsJC^ 

UlUiUlUIUIUJUiUiUiUJUJUiUiUiUiUJUiUJUiUiUJUiUJUiUiUJUiUJUJUiUiUiUiUJUiUlUJUJUiUiUJUiUJUiUJUiUJillUJUJUiUlUlUiUiUJUJUJUi 
0£U)s0N^«na>N\0U)(5©vD^^ocDnf,)u)ls>^CDnas(nNa)6}U)inN45)h.ujsD-Ha)tf)c,)tDnina)<n440\CD»n44cnv04f)C0ii!jr«. 
•-•NP^tSiuxMntsicruKr.  (\ivor«»n— .csj^»r><sjlBcsiaDvD^r^n^r(Mi/>tBUi,^in<Mv£)'«TvD<\jr--iT\'«TvDCMrsj'4-^tSiCM^tvD  —  cDCDOCOCOvD^r 
<4tnNN^tOO\f1<a4N4^N<S)U)<DtfMn^(a^(*)aMJ>NN<nsOr^N4(M^^NVO^COCr'N^N^MN^^(fl^NCOnN-«-«C4N^ 


— (MCh4iou)r)sfl-«rsu)tn4Msjr)MN--n 


— Nl/)---44VDrvMn 


CDt&tSti)e5)<Btt)C3GQ<$^<sCs^<BCBt3<3tslst5lt3ts&)<s&}C30l9tat3^^5><9t9CSt3&)t9tStafcaCa<3&)<S^<Sfe)^t$tS&)t$^t9^lS 

(/)OtS)NC94<S)S0^CDC9&)t9Nt9,|4G|ii)t9(DtS)(S)t9(9&)fsi^(!S)(S}6}O(S)(9^tSlC3tS'4li)(S)inN(p(MU)vtS)inNta(\JIAtQCOt&4tS)<S}t9Nifl 

um- . 

M  --•NNr)(,)44insoNNa>off'ostsjla-<Mn4ininu>NCDcnc\ta^Mc,)4ininNla<'j(sj»nvoNaits)NNifly)NC5^incols<Mininm 

at  ^^^.-.^.^.-.^^.-^-.-.(vjpjNNpjrjNNrmnnnnn^^nn^^ininiDjnujvDscvflsD 

<C 
o 


cDX^jCft^^*aS}^<D^G)C5G)ts}G5vQ<5S}^s>tt3€a^C5^cs5C3is}S?^<sia^<s^6ao^K)t5^tacs)Sje3Cjcsjta^^K)Cs5^eacjcsiCD*sjts}C5» 

O(S(BNt94t8si)^a>(S}(9(9N&)^<S)«0^(Dt9^^^<aNt9^6)^a)t9t9t9t9(&t9^inCSMnKt9Nin4tS)li>^^NUl(9a)CS)'4^(9tSN 

at  at . . . 

ui  u.  — NN««44iftu)NK®a)OMMa<s-Nn4iniflioNCDa'o\C!i-Nr>4ininMSNNsosDNo»S}NNiftsi)^(a4i/)a)6jNiiun 

>.  M^M^^^^<MM_M,MMNNNNNNNNnnnnnmriY-«'9'944knlr>ii)snvCM}vi)vD 


—  N«4iftiOKCD(J»C9**Nf|,»4in«)Nfflffst3  — Nfn^iniDNCDjjs^— Nrxirticfsditntg— N«4ii>»fl^<DO»iS)  — NCininiONajos 


A-e 


cnCocncncocncocDCDCD 

—  (nj— —  —  —  —  —  cm 

♦  ♦♦♦♦♦♦♦♦♦  ♦ 

III  III  111  111  til  111  I 1 J  til  111  UJ  UJ 

nnNNNN^C'f')-  (Vi 

lo  —  r-'-inrocn-^rocoin  CS) 

o-^i/iQ^nconu)  in 


—  — •  —  miDtsj— ^ 


nnnmtsm-NNN 


♦  ♦♦♦♦♦♦♦♦♦  ♦ 

lil  lil  lit  l.l  HI  lil  lil  lil  lil  111  UJ 

r>.  cn  *<»  co  in  co  co  cd  cm  cm  cn 
rocDisjco  —  r-a>  —  G)— •  ^ 
co  cn  cm  <n  id  cn  co  co  cm  csi  in 


—  —  rofo— ‘cnr^co  —  co 


COtTH'irO^n^^'t  CO 


♦  ♦♦♦♦♦♦♦♦♦  ♦ 
iii  lil  lil  iii  ill  iii  iii  ill  iii  ui  UJ 

cn  <n  in  Co  io  cn  cm  cm  m  co  id 

m  id  co  cm  cm  —  cn  m  10  cm  co 

id  —  rN.^^rco  —  —  r^CM  cn 


CM  CM  <M  CO  CM  CM  CM  —  —  CM 

'•GaCacntsjtsjcn  co 

♦  ♦♦♦♦♦♦♦♦♦  ♦ 

UJ  UI  UJ  UJ  UJ  UJ  UJ  UJ  UI  UJ  UJ 

co  id  in  ->«»  in  in  cn  cn  to  cm  cm 

co  r->  to  vo  cm  co  *«r  cm  cn  co  — 

Csjmn— *r^-^»n-iDfe}in  10 


—  inr^cM  —  cdcocm— »ro  id 


co -m  co  co  cm  co  cm  co  to  cm  co 


♦  ♦♦♦♦♦♦♦♦♦  ♦ 
>.i  i.i  iii  i.i  ^ii  iii  i*i  m  iii  lit  UJ 

CMinfcj^tsr-cncocMCo  cd 
mo> ^  ^m/) n  ^  n  in  cd  ^ 
rvn^-^aimnmn  cm 


cm  —  cMr^r^’McotM— *in  cn 


id  n  m  id  in  10  in  id  in  in 


♦  ♦♦♦♦♦♦♦♦♦ 
iii  iii  iii  iii  ui  ui  iii  iii  iii  iii 

—  COCOCOCDCOCOCn^lD 

ninmntS}U)«H(D^rv 

cn  n-  \o  r>.  cn  cm  —  in  cn  cm 


cm 

♦ 

UJ 

CD 

t» 


CM  —  CM  CD  f".  CM  —  ID  CM  N 


^  in  00  ^  cm  co  co  cm  cm 

CM 

♦  ♦♦♦♦♦♦♦♦♦  ♦ 
ui  iii  t»i  iii  it)  lit  iii  iii  iii  iii  UJ 

co  cm  cn  cx>  cm  00  cd  co  r*. 

^  cm  — -m  co  in  co co  cn  co 

—  r*.  co  co  to  cm  co  ^  co  in  n 


co  —  cm  10  in  cm  co  in  —  -»* 

cntocn^cnfcdcocncncD  in 
—  CM  —  CM  —  CM  —  —  —  —  CM 
♦  ♦♦♦♦♦♦♦♦♦  ♦ 
iii  m  iii  iii  i.i  ui  iii  ui  iii  til  in 

in  —  co  n*  co  •'*  10  00  cn  co  cm 

50  cm  —  in  O  —  to  co  in  co  in 

<n  (o  &)  in  ^  o  10  (S)  (n  u>  — 


co  in  co  cm  cm  —  co  in  cm  cn  cm 

(5  50  Co  6)  O  ^  (S)  S)  to 

to  to  to  to  to  ^  to 

Co  —  Csj  -«»  lO  tO  ^  IS)  &J  tsj  Co 


C9  ^  in  (Ms  in  in  C3  in  G) 

n  N  rs  MI)  CD  CO  (M7WS) 


S)S)tO&)&?^tOtOtOtO  G) 

C)  O  CS)  Co  C9  G)  5»)  co  Co  Co  ^o 

m  co  —  to  ■*r  <a  -m  co  ^  Co 


mto’^incntouiincoin  to 

vo  rv  rv.  rv  rs.  co  a>  co  cn  <n  fc* 


Co  —  (Mfo-M-miof^cocn 

lOlOlOiOlOlOlOlOiOlO 


< 

h- 

o 


A-9 


SUMMARY  Of  THE  GEOMETRY  CALCULATION 


o 

of 


-M-*x'M^t'c,vj-xcocn,«S'xc,ococ*jcMCuc\jcM 
c*:oucM(MCMCMr\jCMCM<MCMCMc\icM(Mc\jc\jCvj<M 
LU+*  +  +  +  **-l-»  +  +  +  +  +  +  +  +  + 

XLDUJUJl-ULaiiJLUliJUJLUUJUJUJljJUJUJlxJli. 

j—  03— <  go  co  cn  r\j  vd  — • •  vDC'*c\JGocomt)coro 

0<MC5r-*.inoocMt5CMCncnfc3cocDCDe5cocsj  m 


(MCM-4  —  «—  —  ^-cnr^  —  —  mcMmoo—«-4  — 

cococococooocncoroncococMCM—..—  .-..— 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCsl 

♦  ♦♦  +  ♦  +  ♦♦  +  ♦♦■♦■♦♦  +  +  4.+ 

f\i  UJ  LU  LiJ  LU  LU  UJ  LU  LU  LU  UJ  LlJ  LU  LlJ  1U  lil  in  lFl  hi 

OCom-^cnaocM— •sx-4ts?cncocM-40ocor^-4 

is?cor--  —  uocmcO'-x  —  CMiD^vo-cxcncncgcD 


Ui  UJ 
*5*  tS? 
rs  — • 


CJ  CO 

in  — 


is? 

is? 


is? 

is? 


is? 

is? 


ts? 


<S? 

is? 


CM  —  — 


co  in 
in  m 


<S? 


+  +  +  +  «-4-  +  +  +  -fr  +  4-  +  4-  +  -fr  +  -f 

Q  UJ  UI  III  LlJ  1 1 1  til  111  111  111  111  til  III  UJ  1U  til  LiJ  111  III 

0'^t\jr^cocoin^co^r»-inroinco<MCoco  — 
cMiDt^iDcMcniDCMcoiD  —  cncncomcMcom 


< 

■M 

CO 

co 

CM 

CM 

— 

— 

— 

cn 

— 

CO 

CO 

in 

— 

CD 

VD 

CO 

f— 

r\ 

l\ 

r>. 

r-. 

n- 

r- 

n- 

VD 

in 

c? 

<S) 

fc} 

CM 

4-4 

4-4 

4-4 

4— « 

— « 

^4 

»-« 

— < 

4-4 

^4 

4-4 

«S3 

<S3 

<5} 

in 

CD 

1 

+ 

4- 

♦ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

♦ 

4- 

in 

UI 

x 

O 

Ui 

UI 

LU 

UI 

UI 

UJ 

LU 

LU 

UJ 

UJ 

UJ 

LU 

LU 

LU 

UI 

LU 

LU 

LU 

UJ 

1- 

u 

CM 

■M- 

—< 

VO 

4-« 

CO 

CO 

fc} 

CO 

cn 

—4 

CM 

CM 

CO 

VD 

<S5 

&} 

< 

z 

CM 

CM 

CM 

VO 

cn 

CO 

C- 

w— 

VO 

in 

in 

VD 

tsj 

z 

in 

• 

• 

* 

• 

• 

• 

• 

- 

- 

• 

• 

- 

• 

• 

* 

in 

•— < 

_j 

cn 

CO 

r- 

ID 

in 

■M 

CO 

CO 

Cn. 

co 

^4 

in 

VD 

*-* 

x 

o 

*-* 

x 

lO 

VO 

ID 

ID 

ID 

VO 

VD 

n- 

n- 

n- 

CO 

CO 

CO 

n- 

n- 

VD 

VD 

UI 

_i 

~4 

—4 

—4 

«— i 

V-* 

w-t 

•-4 

4— « 

4-4 

4-4 

—4 

—4 

—4 

4-4 

—4 

> 

UJ 

+ 

-f 

+ 

■f 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

o 

in 

CO 

UI 

UI 

UJ 

UJ 

LU 

UJ 

LU 

UI 

LU 

ui 

LU 

UJ 

LU 

LU 

UJ 

LU 

LU 

UI 

CD 

LU 

f- 

o 

CO 

m 

CO 

r** 

ID 

CO 

CO 

VD 

CO 

cn 

— « 

CO 

cn 

CO 

CO 

r- 

4-4 

< 

O' 

z 

— 4 

IS) 

in 

cn 

00 

CO 

M- 

•M 

— • 

-4 

cn 

vo 

in 

*5? 

< 

• 

• 

4 

• 

• 

• 

• 

• 

• 

- 

* 

- 

- 

• 

• 

O 

O 

CO 

CO 

n- 

ID 

VD 

N 

n- 

«r-4 

—4 

cn 

CM 

CM 

in 

CM 

—-t 

CD 

VD 

z 

in 

x 

< 

O' 

< 

tS? 

*3 

is? 

ts* 

«S) 

«« 

<55 

<5) 

fc) 

<s? 

cn 

cn 

GO 

CO 

CO 

UJ 

UJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

4-4 

-4 

-4 

-4 

—4 

o 

or 

> 

CD 

+ 

♦ 

+ 

-f 

+ 

•f 

■f 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

< 

UJ 

< 

UI 

(M 

UI 

UI 

UI 

UI 

UJ 

UJ 

LU 

UI 

LU 

LU 

LU 

UI 

UI 

UJ 

UJ 

UJ 

LU 

LU 

Q- 

> 

_l 

O 

CO 

ID 

cn 

4-* 

cn 

in 

CM 

*-• 

'Cf 

in 

S* 

CO 

in 

VD 

VD 

CM 

in 

< 

< 

O 

in 

ID 

00 

co 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CD 

-4 

fc) 

_j 

CJ 

O' 

• 

• 

• 

• 

• 

• 

• 

4 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

z 

U 

cn 

CO 

ID 

in 

in 

M- 

CO 

CO 

CO 

■M- 

CM 

4-t 

CM 

4-4 

n- 

in 

VD 

i- 

f- 

M 

UJ 

< 

z 

1 — 

CM 

CM 

«— » 

■r-4 

•“4 

5} 

cn 

cn 

«s> 

IS 

<55 

ta 

ta 

CD 

X 

*—• 

z 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

«— « 

tS} 

cs? 

<S) 

ta 

<S) 

is? 

Z 

b- 

i  < 

*-* 

+ 

♦ 

+ 

+ 

■»- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

=> 

1  2; 

o 

UI 

UI 

UI 

LU 

UI 

UJ 

UI 

UI 

LU 

UJ 

UJ 

UJ 

LU 

UJ 

UI 

UJ 

LU 

UI 

o 

o'  in 

LU 

CM 

*<X 

ID 

— « 

CM 

cn 

CO 

in 

<S) 

r- 

ta 

<S? 

s? 

6? 

<55 

IS) 

ta 

o' 

O  UI 

O' 

X 

cn 

CM 

CO 

*si 

6) 

CO 

<n 

in 

S! 

<a 

(a 

&? 

u  in 

Q- 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

< 

=> 

UI 

— « 

-4 

CM 

in 

.-4 

ID 

<S) 

<55 

<S5 

<5* 

Ja 

ta 

ta 

- 

h-  O 

X 

Z 

u 

b~ 

'"X 

-M 

■M- 

■M- 

■^r 

M- 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

X 

=>  o 

z 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

1- 

o  z 

*— » 

- 

+ 

♦ 

♦ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

< 

V 

CD 

O' 

LU 

LU 

UI 

LU 

LU 

LU 

Ui 

Ul 

UJ 

UJ 

LU 

LU 

LU 

Ui 

LU 

UI 

LU 

LU 

o. 

<3 

o 

UI 

•-4 

CO 

ID 

<Sf 

VD 

n- 

•—4 

cn 

cn 

CM 

■*tt 

■M- 

cn 

00 

VD 

CM 

o 

o 

O 

< 

CO 

in 

CM 

n- 

in 

CO 

»-4 

tS) 

CM 

CO 

VD 

r*- 

rv 

CO 

in 

CO 

_J 

UJ  _J 

_J 

o' 

• 

• 

• 

• 

• 

• 

• 

• 

• 

4 

• 

• 

• 

• 

• 

• 

• 

< 

>  _i 

UJ 

CM 

CM 

CM 

CM 

—4 

—4 

— » 

CM 

VD 

CO 

VD 

CO 

Csl 

4-4 

—■ 

o 

—  o 

X 

fsl 

*— « 

h-  u 

1- 

n- 

r* 

CO 

CD 

r*. 

CO 

00 

<S5 

CO 

VD 

<S) 

<S} 

cn 

r- 

4-4 

in 

-4 

I- 

< 

< 

LU 

of 

co 

in 

c>. 

cn 

CO 

in 

CO 

ea 

n- 

r*^ 

VD 

in 

cn 

CM 

"«X 

a: 

_J  UI 

a. 

O' 

< 

5-f 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

UJ 

ZD  X 

< 

CO 

w 

"•x 

ID 

CO 

&* 

co 

in 

n- 

cn 

CM 

VD 

VD 

CO 

CO 

CM 

CM 

CO 

> 

z: »- 

*- 

OO 

ID 

VO 

in 

TT 

co 

Csl 

CM 

4-4 

—4 

4-. 

CM 

CO 

■M- 

in 

VO 

VO 

w 

ID 

co 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

IM 

CM 

CsJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rv 

< 

O  O' 

O 

<n 

o 

u 

O 

UI  UJ  u. 

b- 

b- 

a  x 

X 

ZD 

CO 

CO 

CO 

cn 

CO 

—4 

CO 

VD 

"■t 

VD 

CO 

CO 

-4 

VD 

—~4 

• 

Oh> 

»- 

CO 

CO 

■4* 

CO 

ID 

CO 

in 

VD 

CO 

«S} 

VD 

n 

CO 

CO 

VO 

in 

CO 

cn 

o 

UJ 

U  -J 

< 

r» 

— « 

<a 

CO 

CM 

n- 

^-4 

CO 

6) 

S) 

VO 

in 

<5 

s? 

co 

-C- 

cc 

u 

> 

in  u  z 

Q- 

in 

O' 

<— > 

CM 

in 

ID 

in 

ea 

—4 

rv 

K) 

CO 

cn 

n- 

VD 

VD 

in 

VD 

in 

< 

<  —  o 

*-* 

UJ 

< 

CO 

cn 

in 

ID 

6? 

in 

CO 

cn 

CO 

CO 

— « 

«a 

in 

CO 

in 

VD 

CO 

o  h- 

Z  O  (J  o  o  < 

<Z£uJlUkiiZiii  _j 

b-DCDtCD^ZCDCD^CD  LU 

l O  O' 

C5tS?t£?iS?l3?6?<S?t5?K? 

•  ts?K?ts?is?ts?i5?<s?ts 
mts?t5?t5?t5?ts?e?ts?ts? 


*5)  S><5  ^ 

D  6)  CD  S)  5? 


C3 

z  in 

—I  UJ  uj  —  < 

LU  _J  O  <  Z  O  I 

O  OZ»-*—  —  ZZttf 

0^nz<uiZujuj« 

III<C^COQ.Iffl  J< 


U_  _J 

CO  X 

• 

• 

• 

• 

• 

• 

• 

• 

O  lil  ^  => 

a.  v- 

■M 

VD 

CM 

CM 

CO 

in 

r** 

00 

r-** 

in 

rv 

4-4 

VD 

VD 

•«x 

CM 

-4 

O  Of  Z  UI  CD  (_) 

M- 

4-4 

is? 

ta 

—4 

co 

VD 

is? 

in 

Is- 

CD 

-4 

hUlOUZ  LU 

cn 

CO 

Is*- 

VD 

m 

-*x 

CO 

CO 

CM 

4-4 

NQZ<  _l 

X 

b-  <  O 

l- 

DOWl~^  X 

< 

Ol-  b-  *— i «  b~  UJ 

Q_ 

-4 

— • 

—4 

-4 

-4 

-4 

—4 

-4 

—“4 

-4 

4-4 

-4 

~4 

4-4 

^4 

-4 

Z  — •  O  UJ 

►4 

-hoolz  X 

LU  -4  cn  <  h- 

o'  00  X  Z  -« 

00  — 

is? 

is? 

is? 

is? 

5? 

is? 

is? 

ts? 

ts? 

is? 

is? 

ts? 

ts? 

cs? 

ts? 

is? 

O  h  <  Q  _J 

UI  O  X 

is? 

«S? 

is? 

is? 

is? 

is? 

is? 

is? 

is? 

ta 

is? 

<5? 

is? 

is? 

is? 

is? 

is? 

is? 

U.  LU  O'  <  ~J 

—  f-  V 

CM 

-ST 

vo 

CO 

is? 

CM 

^x 

VD 

co 

CM 

co 

— • 

CM 

*«» 

r- 

CM 

co 

CQ  •  b~  OC  < 

O'  — 

• 

♦ 

• 

• 

• 

- 

• 

• 

• 

• 

in  I - — 

< 

— » 

CM 

CO 

vD 

r*- 

CO 

cn 

is? 

in 

cn 

in 

CM 

VD 

cn 

CM 

VD 

t*  >  Z  Q  Of 

o 

-4 

—< 

-4 

CM 

CO 

m 

CO 

M- 

in 

LU  <  D  is?  —  LU  O 

z 

>  z:  o  o  u_ 

ZD 

<  z:  n  m  => 

o 

Jh<  _J  00 

CO 

Z  l~  b-  O  b- 

X  ^ 

is? 

is? 

is? 

is? 

is? 

ts? 

ts? 

<s? 

is? 

is? 

ts? 

is? 

is? 

<S? 

is? 

is? 

is? 

is? 

U.  ZD  _l  —  — •  Z  Z 

aL  O  X 

is? 

is? 

is? 

is? 

s? 

is? 

is? 

is? 

<s? 

is? 

is? 

is? 

is? 

is? 

is? 

is? 

ts? 

is? 

o  o  <  z:  z :  —  => 

UJ  Qf  DC 

is? 

CM 

-*r 

VD 

co 

is? 

CM 

■*x 

VD 

co 

CM 

co 

r** 

CM 

4X 

Is*- 

CM 

X  1—  UJ  LU  O 

>  u_  — 

• 

• 

. 

. 

. 

I-  <  O  ~  ~  X 

< 

4— 

CM 

CO 

•^x 

VD 

c*- 

co 

cn 

is? 

in 

cn 

in 

CM 

VD 

cn 

CM 

lO 

LU  b-  O  <( 

—I 

——4 

CM 

CO 

CO 

co 

"Cj 

*«x 

00  O'  Z 

LU  LU  -  •  LU 

_J  >  X  —  CM  00  X 

<  <  *“  —  f- 

_J 

Z  _l 

*— • 

CM 

CO 

•«x 

in 

VD 

r*- 

CO 

cn 

is? 

-4 

Cvl 

CO 

in 

o 

Is*. 

co 

•-4  U.  CM  Li_ 

-4 

- - - 

— 4 

4~4 

_ _ _ 

-4 

—4 

—4 

u_  <  O  o  — 


A-10 


300 


in 

f\J 

Qi 

(NJ 

+ 

UJ 

■*■ 

UJ 

X 

UJ 

ON 

l~ 

El 

P- 

O 

p- 

(M 

- 

Sj 

•o- 

El 

in 

CM 

(NJ 

CP 

-<r 

4 

♦ 

E> 

CM 

UJ 

CNJ 

UJ 

• 

• 

p- 

o 

El 

UJ 

El 

CO 

in 

El 

in  1 

• 

* 

in 

CM 

r*- 

m- 

S> 

ON 

CTN 

N# 

O 

— • 

—• 

M 

+ 

4 

M 

El 

UJ 

Ul 

* 

• 

5} 

X 

in 

E) 

— • 

EJ 

o 

m 

(NJ 

in 

• 

* 

in 

CM 

SJ 

x 

CO 

b~ 

EJ 

< 

CO 

El 

p* 

E* 

Ol. 

•— ' 

CT. 

p* 

4 

4 

ID 

UJ 

_» 

o 

UJ 

• 

G) 

< 

o 

CD 

ON 

p* 

C3 

1- 

CO 

ON 

in 

O 

• 

in 

CM 

C5 

h- 

(NJ 

E} 

af 

CD 

CO 

G* 

E) 

O 

w  -i 

E) 

U) 

4 

u_ 

4 

(NJ 

CO 

UJ 

o 

UJ 

• 

• 

EJ 

GO 

(NJ 

«-• 

in 

*-« 

EJ 

1- 

z 

U) 

(NJ 

in 

• 

Z 

• 

in 

CM 

E) 

Z> 

U) 

o 

ID 

2: 

CO 

CO 

CD 

< 

NJ 

(M 

4- 

4 

■N* 

CM 

UJ 

o' 

ro 

UJ 

• 

• 

cm 

< 

O 

Tf 

CO 

in 

in 

(NJ 

ON 

CM 

• 

z> 

• 

CM 

in 

(-> 

cn 

UJ 

G} 

—i 

•— < 

CO 

E) 

o 

(NJ 

p» 

4 

x 

4 

(M 

UJ 

(NJ 

UJ 

• 

• 

G? 

Q 

O 

El 

UJ 

S> 

EJ 

UJ 

u 

in 

• 

H 

• 

in 

CM 

s> 

< 

P- 

—i 

E) 

ZD 

CNJ 

p- 

pv 

El 

2: 

CNJ 

CO 

•— 

4- 

3 

4- 

UJ 

p- 

UJ 

<_> 

o 

UJ 

• 

• 

G) 

O 

(NJ 

"«* 

CNJ 

El 

< 

X 

r- 

ts» 

• 

• 

00 

(M 

El 

-<* 

»-* 

in 

(NJ 

(NJ 

+ 

4- 

UJ 

o' 

UJ 

(NJ 

•—> 

in 

in 

< 

(O 

(NJ 

»-  4 

r» 

O' 

CNJ 

- 

< 

• 

UJ 

CD 

El 

m 

>- 

in 

CNJ 

(NJ 

V 

CD 

X 

UJ 

'«* 

Of 

El 

CD 

Z> 

CO 

El 

UJ 

1“ 

m 

a: 

«"* 

CO 

O' 

< 

CO 

< 

CO 

El 

z> 

c* 

• 

CO 

X 

00 

UJ 

o_ 

U> 

00 

Cl. 

El 

UJ 

X 

m 

UL 

UJ 

Q_ 

1- 

a : 

of. 

— ■ — < 

< 

< 

—i 

_J 

z> 

z> 

(_) 

o 

El 

00 

*-* 

El 

UJ 

UJ 

El 

UJOI 

El 

_j 

_> 

»-« 

H  V 

O 

O 

• 

a: 

» 

X 

X 

CD 

< 

CO 

in 

Q 

m 

z 

z 

z 

O 

o  i 

z> 

cn 

cn 

o 

o 

Q 

CO 

o 

o 

El 

X 

— * 

El 

CJ 

u 

El 

x  o  x 

El 

CD 

1-  a:  ^ 

Ej 

in 

cn 

• 

<  u. 

— 

*— 

■4 

Q- 

f- 

h- 

in 

a: 

o' 

z> 

z» 

o 

<_) 

on 

o 

A- 1 1 


►- 

< 

00 

— 

UJ 

• 

cC 

0 

UJ 

« 

\- 

0 

Z  «H 

—  a:  to 

— • 

UJ  UJ  0 

00 

u.  co  a:  uj 

UJ 

OZUQC 

•— 1 

DhO 

0 

MZZh 

Ui 

ui  uj  — •  to 

Q_ 

—  > 

00 

u<u.z 

uj  5  O  ui 

• 

a_  UJ 

0 

00  U  00  03 

• 

.  O  UJ 

0 

—  o 

X  Z  <_>  (/> 


<  ►-  00 
UUJQ.- 
— •  _J  Ul  X 

*-  o  Q  h- 
a.  x 
05-1 
<  • 
_J  <  <_)  X 
< 

h(/)ha. 


_JQ<D 

z  a:  o 
<  r>  a:  • 
OtiJCJf- 
COOfiy  < 
«OhUZ 
^  <  or 

aui/iaio 

Z  <  ~  U. 
•-•CO  _J 

5  o  <  o 
Owuihz 
_JlhO- 
JHC/)hh 
O  —  f- 

u.  u _ i  UJ  O 

O  X  _l 
UJ  Oha. 
IOM 
*-  Z  _l  o  z 
<  <  h-  ~ 


> 

< 

5 


CM  «— »  CM  *—•  •— *  •“* 
K)  ^  ^ 

I  I  I  I  I  I 
UJ  Ul  Ui  UJ  UJ  UJ 
n(\jcoin6)N 
io  cd  n  co  in 

U)  ID  B)  <S}  V  *-< 

cm  —  cd  in  cm 

N  N  U)  ID  vD  M) 


C3  <9  tS) 
I  I  I 
UJ  UJ  UJ 
cn  — «  ^3 
&)  r-  ts) 
cm  co  CM 
inn- 
co  in  n 


— «CMtn  —  (M^mr'.CMcncDcncntn 


«cu  —  £3  —  —  *3  —  <s  — 

(sfc*5)s)&jts)fc)*s)*s)*s)ts)*s)*s)*s)<s)*s)*s)ts)(s)*s)<s)(s)ts)0(s)ts 

iiittiiiiiiiiiiii+iiii.ijtiiiiiiiii+ii+i+i 
UJ  UJ  UJ  UJ  LU  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  Ul  UJ  UJ  Ul  UJ  UJ  UJ  U.'  Ixl  Lu  UJ  UJ  UJ  UJ  UJ  UJ  Ul  UJ  UJ  UJ  UJ  UJ  UJ  LU  UJ  UJ  UJ  UJ 
cmujcdcdcoC'-  —  ujcofc^incntsr^rocnooiscoCMr-oop*-— •iMr^mr'-ts<n—<LOmr''.istDO'»(scotS)uo 
ujujcmcovocolo— •if)U)CT%(vjcDi-or^-^nCa'^r^ia'^cr»f^l^-^vo--if)n,^c4tMi/)i50^or»t5u3^Ln 
— «r^inls^i^^inuococo,-3ts}ts*S)U)l3(sr^'<3CCji''-b'v— •r'-r'^vo—«co«n<--*cn— 'Cntscncntjcnisin 
vocor^-(M--«cn— <coLncniocn(smtS}vnmlS)n-vocv  co.^cocotsoD  —  cocncninlS)'^r*sjO'''cnl5)cn*5)ro 

comujr^cncncncn(nmr,''incooo'«3iDf^(S)»^><r*njCD^ncncor^(nininr>.co<nminls)cncnls)<n*S)<'^ 
rocncomcncncncncn'^cocncncncncncnOcncn  ci  —  >^-cncncnmcnC'-inmcD,'3in  —  m  cn  — « cn  c- 


1  1 

Ul  Ul  Ul  UJ  UJ 
cm  vo  uj  cn 
»— «  CM  If)  CO  CM 
CsO>CD(MN 

cn  — .  n«  n« 

— •  in  cn  co  cn 


hOUJ  J 

CM 

CM 

CM 

CM 

CO 

CM  — •  CM 

CM 

CM 

CM  — ,<M  —  CO 

ta  — •  fM 

. 

^  —  co 

CS> 

CM 

CM 

CM  —  —  CM  —  6) 

CM 

CO  CM 

tS) 

fc) 

O 

tS) 

<a  —  ta 

(S)--— ‘tS)—4*-'  —  ^S)COtS)t5 

u  t—  (/) 

«9 

0 

K) 

*S) 

<5  fa  6) 

5) 

<S) 

&  *s>  ts>  ta  ts> 

*S)  *S) 

<s) 

G)  cs)  ^  is)  t)  te) 

fc) 

S) 

{5  tS)  is)  tS)  ^ 

S) 

fa  fa 

*S) 

fe) 

tS) 

<S) 

fa  <a  <a 

tafafatafafafafaiaiata 

00  00 

1 

1 

1 

1 

1  1  1 

1 

1 

1  1  1  1  1 

+  1  1 

1 

+  111*1 

+ 

1 

1 

1  1  1  1  1  + 

1 

1  1 

+ 

+ 

+ 

+ 

+  1  + 

+  |  1  +  1  1  1  +  1  +  + 

Z  UJ  < 

—I 

UJ 

Ul 

UJ 

Ul 

UJ 

UJ  Ul  UJ 

UJ 

UJ 

UJ  Ul  Ul  UJ  Ul 

UJ  UJ  UJ 

UJ 

1 1 J  IH  111  111  Ilf  III 

UJ 

UJ 

Ul 

111  III  ill  Id  III  111 

UJ 

UJ  UJ 

Ul 

U J 

UJ 

LU 

UJ  UJ  UJ 

Ul  Ul  Ul  UJ  Ul  Ul  Ul  Ul  Ul  UJ  Ul 

X  Z>  X  X 

— J 

CO 

CM 

in 

■^3 

r>- 

UJ  — 

5) 

CO 

■"<3  — •  UJ  — •  "«3 

nin  -< 

<S) 

r^-  co  co  —  n.  co 

cn 

UJ 

CO 

OUDlDNCnCD 

UJ 

■*3  •— 

UJ 

UJ 

— • 

fc) 

— •  CO  CO 

cointncotntncM«-*b)cocM 

f-lL(- 

< 

UJ 

ts» 

"<3 

•<3 

cn 

CO  N  CO 

CO 

in 

co  cn  — «  co 

CO  M  VD 

r- 

cn  r-  uj  uj  co  co 

n- 

<S) 

VO 

in  cn  cm  cm  ^ 

CO 

— .  (M 

CO 

CM 

fc) 

n- 

CO  CO  N 

—  uo— ‘Co-*tuj&)  —  uJtsjro 

CL  < 

CO 

cn 

CO 

CO 

(s)  r-  in 

in 

— •  uj  co 

cm  in  is) 

r- 

cn  cd  co  r^-  Cs) 

UJ 

CO 

co 

co  uj  cn  is)  uj  co 

IS) 

<S)  — 

— • 

CO 

CO 

fa 

CO  UJ  UJ 

mc-ujcoujcococncocMin 

• 

**r 

in 

UJ 

s> 

<s> 

CM  U)  CM 

— * 

cn 

in  &)  cn  cm  in 

cm  cn  tn 

co 

CM  in  VO  —  CM  U) 

in 

CM 

CM 

vo  — ■  co  vo  cn  co 

UJ  — 

— • 

«— • 

— • 

■"<» 

cm  ^  cn 

cnujco— »r«'COU)cnc\i’^rcn 

0  0  < 

0 

tS5 

— 

cn 

—  N  CO 

cn 

UJ 

— «  cm  cn  co  co 

iS)  UJ  fe) 

— • 

cn  cm  —  ^  r>. 

c- 

00 

cn  ^  )5  in  n 

*S) 

—  co 

CM 

CM 

CM 

in  co  in 

■^tcsJOJ^rcnrv  —  Csicocnuj 

-1  <  X 

0 

UJ 

— 

— 

— •  — • 

- 

CM 

— «  CD  — •  UJ  *-• 

— •  ^  UJ 

- 

^  •  CO  CO  —  CM 

UJ 

co 

CO 

■^3  CM  — •  — •  —  — • 

- 

CO  '•t 

UJ 

- 

^3 

CO 

CM  —  — 

CO"<fCMC\JCO— *CM— *UJCM— ■ 

O  <  CL  Ul 

h-  00 

Tf 

CM  CO  00  CO 

CO  — •  CO 

CO 

CM 

CO  — <  CM  — 

-** 

S) 

, 

CM  —  tS)  — 

, 

—  cm  ro 

5) 

CM 

CM 

CM 

— .65-65 

co 

in 

CM 

fa  fa 

<S) 

<S) 

(53  — •  tS)  <S)  —  CM 

is) 

—  —  —  (5)  CO 

C) 

«S) 

Ul 

cn 

<S) 

<S)  S)  ^ 

^s)  is)  ft) 

&) 

fa 

tS)  CS)  tS)  tS) 

<S) 

IS) 

<S) 

tS)  ^  tS)  (S) 

<a 

<S)  (S)  tS) 

*S> 

fc) 

S) 

<S) 

fe)  IS)  (a  tS)  tS) 

fc) 

<S) 

«S) 

IS)  K) 

«S) 

<S) 

&3  fe)  IS^  ^  ^  S) 

<S) 

^  (S)  ^  IS  ^ 

&) 

«S) 

uj  or  uj  -j 

UJ 

1 

1  t  1  1 

1  1  1 

1 

1 

11(1 

1 

+ 

1 

11  +  1 

1 

1  1  1 

+ 

j 

1 

1 

1  1  +  1  + 

1 

1 

1 

♦  ♦ 

♦ 

+ 

+  1  +  +  1  1 

+ 

1  I  1  +  1 

+ 

+ 

X  Ul  X  < 

*-• 

UJ 

LU  Ul  Ul  Ul 

Ul  UJ  UJ 

Ul 

Ul 

Ul  LU  UJ  LU 

UJ 

UJ 

UJ 

UJ  LU  UJ  UJ 

UJ 

Ul  UJ  UJ 

Ul 

Ul 

UJ 

Ul 

Ui  III  111  III  III 

Ul 

Ul 

UJ 

UJ  UJ 

UJ 

Ul 

UJ  Ul  Ul  UJ  UJ  UJ 

UJ 

Ul  UJ  Ul  UJ  UJ 

Ul 

Ui 

HXhU 

u 

r- 

in  is)  cm  ^ 

^  ro  vo 

n 

—• 

in  —  uj  — 

CO 

CO  CM  UJ 

UJ 

G5  in  cn 

tS) 

VO 

in 

*<+ 

— *  I---  is*  is?  c-- 

CO 

CM 

n- 

fco  UJ 

*'3 

CO 

in  —  co  co  — 

CO 

cn  -3  CM  — •  CM 

CD 

UJ 

a.  *-• 

Ui 

•-« 

CO  — •  — •  CO 

tsj  CM  — • 

— • 

-■* 

co  co  in  ts) 

co 

m 

UJ 

ro  in  cn  ^ 

in 

cm  ^  r- 

in 

«—• 

co 

— ■» 

— •  n*.  (s)  00  co 

CM 

"«+ 

CD 

in  in 

vo 

«— 1 

ro  (S)  CM  -*3  (S) 

— * 

^3  uo  t£)  — •  co 

SS) 

UJ 

li.BU.l- 

CL 

U) 

CM  —  <M  CO 

ts)  rv  — . 

— • 

cn 

cm  on  cn  uj 

CM 

W-* 

UJ 

cn  n  co  n 

CM 

in  ^  uj 

co 

«S) 

uo 

UJ 

T  CM  CS)  ^  O'- 

UJ 

VO 

fe?  cn 

CD 

«S) 

vo  n*  co  co  — 

UJ 

uj  co  co  cn  co 

CM 

vO 

O  O  O  CL 

l/J 

CD 

£)  cd  —  cn 

co  cn  cn 

fa 

—  CO  vD  — 

N 

CM 

CD 

ft?  CM  CM 

ijo 

is?  ro  ro 

in 

UJ 

UJ 

co  in  ts)  rt  cm 

n- 

'T 

■*3- 

ts)  cn 

CD 

CM 

(5)  vo  uj  in  cm  in 

tS) 

NOUJCnCM 

-3 

CM 

X  0 

— • 

—  —  CO  t£) 

—  vo  cn 

CM 

co  — •  co  co 

— • 

<S) 

cn 

cn  — •  cn  cm 

<S)  U)  ?S) 

CM 

in 

UJ 

co  is)  in  r**. 

n- 

in 

UJ 

CM  — 

CM 

CM 

in  tsj  uo  ^  co  co 

M- 

tn  h-  -  (M  co 

cn 

CM 

f- 1-  0 

• 

• 

.  ♦  .  » 

.  .  . 

• 

• 

*  .  .  . 

• 

* 

• 

.  .  .  . 

• 

.  .  • 

- 

- 

• 

• 

- 

* 

to  <  —  Q 

0 

VO 

—  «  cm  in  ^  *j>  in  cm  o>  co  -  inn 

— * 

00  «— •  *«y  — « 

co  ro  co  — 

in 

00 

ro 

CM  — *  tS)  —  — 

co 

— 

ro  uj  — • 

-3C0CM— •  —  COCO— • 

CM  CO  —•  CM  —  in  CM 

6}-.fMn'Tincjorsco(^t»-,Nn'ti/)vDr-cocnis  — (\jn^ti/)M)rvcocntsj-.(MnrfinvDNOocr'Cp  — Mn^invorvcocnCp-fvjn'tf 
—  — — {MtMCM(NjcsifNj(M(\jfMrNjnnnnnnnnnc,)'j'<»'jn'j'»^'»^',»i/unixunin 

CMCMCMCMCMCMCMCMCMCMCMCMCMCsICMCMCMCMCnJCMCsICMCMCMCMCMCMCMCMCM  CM  (MCMCMCMCMCMlMCMCMCMCMCMCMCMCMCMfMrMCMlMlMlMlMCM 


A-l  2 


1255.000  4.02352E+00  4 . 02352 E +00  1.00000E+00 


G)G)G)G)G)  —  — 'G)G){aG)G?G)G)— <G)G)G)G)G)G)-«G)G)G)G){aG)G)«-«G)G)G)G?G)G)-*  —  G)G)G)G)G)G)  —  G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)taG) 
G)G)G)G)G)Cat3G)G)G)G)taG)taG)G)G)G)G?G)G)G)G)G)G)G)G)G)G)G?G)G)G)G?taG)ia<aG)G)taG)G)G)tata^G)G)OG)tat^iSG)^G)ialaG)G)G) 
♦  +  +  ♦  +  I  I  +  +  +  4-  +  +  4>  I  +  +  ♦  +  ♦+  I  +  +  +  +  +  +  4-  I  +  +  +  +  +  +  ,  r  4-  4-  4-  4-  4-  4-  i  +  +  •*•  +  •►•♦■♦♦♦♦♦♦♦♦♦♦♦ 
Uj  LU  qj  jjj  IxJ  LlJ  Ixl  Ul  Ul  UJ  UJ  LlI  LtJ  LiJ  Ul  LU  LlJ  LlJ  UJ  UJ  Ul  Lii  LU  IxJ  UJ  LU  Ul  LU  Ixl  LlI  UJ  Ul  LU  LU  LU  LU  lii  LU  LU  LU  LU  Ul  LU  Ul  LU  LU  LiJ  LU  Ul  LU  UJ  UJ  Ul  LU  Ul  Ul  L»J  LlI  Lti  Ul  LlJ  LlI 
G5G)iaG)G?<n*-»G)G)G)G)G)G)G)cnG)G)G)G)G)G)inG?G)G)G)G)iaG)coG)G)G)G?{aiasosoG)G)G)G)G)G)intataG)G)GjG)G)G)G)<aiaiataG)G}G)G) 
tataG)G)Ca<nMrG)G)G)G)G)G)G)-«*G)G)G)G)G)G)sOG)G)G)G)G)G)£af^G)G)GjG)G)<a<M<nG)G5G)G)G)G?*-<G)G)G)taCSiaG?G)taiaiSG?G?iStSi3G? 
G)taG)G)iacnr'N.G)G)G)G)G)G)G)G)G){aG)G)taG)r^G)G)G)iaG)G?G)CDG}G)G)G)<aiacocnG?G)G)G)G)tacDG)G)G)G)G)G)G)G)G)G)G)iafca<sG?fcaG3 
CafcaG)G)tacninG)ia^^isG)ta<''JG)^iaG)iaG)soG)<aG)*SG)fcafca',*fc5^<aGlG)G)tavoG)G)G)G)fcaG)coG)G)G)G)G)GiG)G)G)G)G)G)G)G)iaG)<^ 
lS)<S}<S)«S}lSjO^COiS5tSJ<53G5lSj«S3e55Cr»>55<S)G^<S3iSJ<S)  is?  is?  Csi  tSJ  te?  is?  °C3  CS)  i55  tS}  tS}  ?S5  r^-  to  <S5  CS)  tSJ  <S)  isj  tsj  tsjtsjtsjCitsjCSitsjisjt^CsjtsjCsjtes  <S?  ^  «s> 


G)  G) 

G)  —  G) 

CM 

G)  ~  G) 

G) 

G) 

<S) 

G) 

G) 

S3  ~  —  S3 

63  —  «5 

(S3  S3 

G) 

is? 

G) 

G) 

^-. 

G) 

—  G? 

<S(  —  S3 

S3  S3 

G)  -* 

(s?  - 

G) 

G) 

G) 

G? 

S3  —  S3 

G) 

— . 

O 

G)  — 

S3  S3  ^  S3  ~  Q  ~ 

S3  S3 

G*  G) 

<a  (a  e» 

63 

G) 

G)  G)  G) 

G> 

G) 

G) 

G) 

G> 

S>  S3  tsj  S3 

G)  G)  G? 

S3  S3 

G) 

S3 

G) 

G) 

S3 

G) 

(S3  (S3 

S3  (S3  (S3 

S3  S3 

G) 

(S3  S3 

S3  S3 

G? 

G) 

G) 

G) 

G) 

S3  (S3  S3 

G) 

G) 

G) 

S3  S3 

S3  S3  S3  S3  S}  (S3  (S3 

(S3  (S3 

4-  4- 

4-  1  4- 

4- 

4-  i  4- 

+ 

+ 

4- 

4- 

4- 

+  1  +  + 

4-  1  4- 

+  + 

+ 

+ 

4- 

4- 

1 

-f 

J  + 

+  4-  4- 

+  + 

I 

+  1 

+  + 

+ 

1 

4- 

4- 

4- 

+  1  ♦ 

4- 

4- 

4- 

+  1 

+  +  1  +  1  ♦  1 

4-  4- 

UJ  UJ 

UJ  UJ  UJ 

Ul 

UJ 

UJ  UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

LiJ  UJ  UJ  UJ 

UJ  UJ  LU 

UJ  Ul 

Ul 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ  UJ 

uj  LU  LU 

LU  UJ 

Ul 

LU  LU 

UJ  UJ 

UJ 

UJ 

UJ 

LU 

Ul 

LU  UJ  UJ 

LU 

LU 

LU 

UJ  UJ 

UJ  LU  LU  Ul  LU  LU  LU 

LU  UJ 

CM  05 

cm  ^  cm 

in 

G) 

*«*  CM  CM 

CO 

r^ 

CM 

in 

cn 

co  in  — •  co 

O  os 

G)  OS 

G) 

CO 

CO 

CO 

so 

Tj-  — » 

-H  03 

CO  -M- 

CM 

■m-  so 

cn  S3 

CM 

cn 

f^ 

SO 

•^T 

— <  CM  CO 

CO 

G) 

so 

r^  in 

<\j  1^  (53  u>  S3  sj 

■— • 

LD  "«t 

cm  cn  — . 

CM 

cr> 

SO  -«  IS) 

r--- 

n- 

CM 

CM 

cn 

in  co  so  co 

os  ts)  —• 

cn  in 

CM 

•— * 

G) 

is) 

SO 

•M-  SO 

^-<ts 

CO  — 

cn 

— «  .-■• 

cm  cn 

in 

cn 

CM 

Cv. 

CM 

—  CO  — 

in 

so 

— • 

cn  — * 

co  n-  co  cn 

r**  in 

co  rv 

r^  — « ia 

_• 

in 

cr»  ^  r> 

cn 

to 

SO 

m 

in 

S)  co  so  n 

—  —  -^f 

— *  cn 

in 

•M- 

CO 

G) 

00 

CO 

in  — 

^  cn  ~h 

CO  CO 

G) 

co  r- 

Si  (ss 

— < 

cn 

00 

CO 

cn  fv.  so 

CM 

«— • 

so  — > 

—  in  co  in  co  n-  co 

*«t  *—* 

CM  CO 

G)  so  — 

r^ 

cn 

03  03  03 

CO 

,-• 

in 

CM 

cn 

CM  •— *  CM  ■M’ 

CD  SO  £i) 

in  in 

OO 

CO 

so 

— • 

cn 

CM  — 

co  ^  *— • 

— <  so 

G) 

00  in 

G)  — 

in 

cn 

cn 

co 

so  co  cn 

in 

CM 

SO 

cn  co 

cn  cn  so  so  n-  co  cm 

CO  CM 

G)  cr 

IS)  CO  — 

— 

G) 

SO  "«*  G) 

03 

— 

so 

os 

cn  G)  in  in 

G?  — ■  CD 

cn  in 

CO 

CO 

so 

in 

so 

SO  CM 

ts)  co  r^ 

in  co 

in 

so  r^ 

CM  G) 

co 

cn 

co 

CM 

in  cn  co 

-* 

CO 

cn  in 

SO  CM  — *  CM  SO  CM  SO 

co  rv. 

ft  CM 

6 

2 

4 

— 

CO 

3 

4 

5 

— 

CO 

r^- 

— 

—  cm  — •  in 

5 

2 

2 

— 

— 

00 

CO 

■*<*• 

"M1 

— 

C".  CO 

■**  — «  ^ 

—  cm  rv. 

cn  r«- 

—  — 

— 

n 

sO 

CM 

SO 

cm  in  — 

r^. 

— 

CO 

CO  SO 

—•  r-»  so  —*■***—•  so 

cn  ■M’ 

G) 

G? 

G) 

— •  CM 

G) 

G) 

G) 

G) 

G) 

G? 

G) 

G) 

—  —  G) 

G)  — 

0 

G) 

G) 

G) 

G) 

G? 

G)  — «  Gj  — «  G) 

G)  — 

G) 

G? 

G)  — 

G) 

O  —  (S 

G) 

G) 

G? 

—  S|  S3 

— 

G) 

G)  -  G) 

S3  —  (a 

G) 

G)  G) 

G) 

G? 

G) 

G)  <5  C5 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G)  G)  G) 

S3  S3 

(S3 

G) 

G) 

G) 

G) 

G) 

G)  G)  G)  G)  Gj 

S3  S3 

G) 

G) 

S3  S| 

S3  S3 

G)  G?  G) 

G) 

G) 

G) 

G? 

G) 

G)  G?  G) 

G) 

G) 

G)  ta  G) 

G)  ta  G) 

G) 

G) 

G) 

G)  G) 

4> 

4- 

1 

4- 

4-  1 

4- 

1 

4- 

4- 

4- 

4- 

4- 

4- 

41 

1  4-  4- 

+  1 

4- 

4- 

4- 

4- 

4- 

4- 

♦14-14 

4-  4- 

4- 

4- 

♦  1 

4- 

1 

4-4-4- 

1 

4- 

4- 

4- 

4- 

1  4-  4- 

4- 

4- 

♦  1  ♦ 

4-  1  + 

1 

4- 

1 

4-  4- 

UJ 

Ul 

Ul 

Ul 

LU  Ul 

UJ 

LU 

Ul 

Ul 

LU 

Ul 

LU 

Ul 

UJ 

LU  Ul  LU 

UJ  Ul 

Ul 

LU 

LU 

UJ 

UJ 

LU 

LU  Ul  Ul  LU  Ul 

Ul  Ul 

LU 

UJ 

UJ  UJ 

LU  Ul 

UJ  UJ  UJ 

LU 

Ul 

UJ 

Ul 

UJ 

Ul  Ul  Ul 

UJ 

LU 

UJ  UJ  Ul 

UJ  Ul  Ul 

UJ 

LU 

Ul 

UJ  UJ 

so 

CM 

G) 

CM  in  G) 

CM 

CM 

CM 

CO 

r- 

CM 

in 

cn 

■ — * 

in  — •  00 

G) 

cn 

cn 

G) 

CD 

CD 

co  so  cn  •— * 

_i 

cn 

CD 

^  CD 

— « 

10 

cn  G?  CM 

cn 

r- 

CM 

■*T 

»-• 

CM  CD  CO 

G) 

SO 

in  cm 

rv.  G?  so 

rv. 

G) 

CM 

— •  ft 

CM 

<n 

cm  cn 

cn 

—• 

G) 

n- 

Is- 

CM 

CM 

cn 

CO 

CO  SO  CD 

cn  ts? 

—4 

in 

in 

—4 

CM 

G)  G)  so  G)  so 

M1  — * 

G? 

CO 

—  G) 

in 

4-t 

cm  cn  m 

cn 

CM 

CM 

—< 

co  •— *  in 

VO 

— * 

cn  — 

CO  N  N 

co 

•^r 

cn 

in 

r- 

r- 

G? 

—  in 

so 

ft 

CO 

cn 

m 

SO 

in 

in 

in 

CM  05  N 

— *  — « 

ft 

cn 

cn 

m 

CO 

G)  CO  CD  G)  — 

"s?  cn 

CO 

CO  CM 

^-» 

S3  S3  — 

cn 

00 

in 

r- 

cn 

c-.  SO  CM 

— • 

so  —  — 

in  co  in 

co 

co 

ft  — « 

co 

G) 

SO 

nv  cn 

cn 

cn 

co 

— • 

in 

CM 

cn 

G> 

—  CM  ■*» 

CO  so 

G) 

in 

— « 

CO 

CO 

SO  •— <  03  •—*  — * 

CD  ft 

— « 

VO  CO 

r- 

in 

G?  — •  in 

•sJ 

cn 

co 

so 

co  co  in 

CM 

SO 

cn  co  cn 

cn  so  so 

co 

CM 

CD  CJ 

cn 

G) 

co 

— 

—  G) 

CM 

'T 

G) 

so 

— 

so 

cn 

cn 

G)  in  in 

G?  — 

CO 

co 

in 

n 

CO 

so 

in  so  m  cm 

G)  OD 

N 

in 

CO  CM 

CM 

CM  G)  CO 

cn 

— • 

so 

CM 

m 

cn  co  — 

CO 

cn  uo  id 

CM  ^  CM 

so 

CM 

SO 

CD  f"- 

CM  SO 

CM 

•*T 

— *  CO  CO 

in 

— 

CO 

— 

— 

cm  «-«  m  in  cm  cm 

— 

— 

CO  CO 

4 

4 

1 

7 

3 

-*r  —* 

— 

cm  n- 

cn  n- 

- - 

n- 

so 

CM 

so  cm  in  —  n- 

— 

CO  CO  SO  — 

n-.  so  — * 

< 

— 

SO 

cn  M1 

C9G)<3G)iaG)<ataG)G)^G)G)G)<aG9^Gj<acaiata<aG)G)G)taG?G)<aG)C^G)Ca^G}^caG3GjtaS3iaG$G>G)^G?ca^^C3G)^G3G)6Q^^6ataG)G? 

G)G)G?G)5aG)eaG)G?G?G?G)G)G>iaG)G?fc)G)G)G)G?G)G?G)G?G)G)G)taG?G?{aG)G)G?G)G)G)G?taG)G)Ca,aG)G)G?G)G)G?G)G)G)G)taG)G?G)GjG)taG? 

G?G?G?G)G)taG)K)G)G?G?G)G)G)G)£)G)G)G)G)taG)G)G)G)G)<aG?G)G?G)GjG)G)taG)G)G?G}G)G)G?G)G)G)G)G)G?G)G)G)G)G)G){aG)G?G?G)G)G}G)G) 

o)rvcD(T'fj)-,(Nj(v)'Juia)rNcoo^'j)  — •  rMrn^iniDr^cDcnG)^cjro-''*ininr\ro(nG)--«cjo''>'<yLnior'-~cocnG)--*rMcO'MLnsor^CDO'<G?^-«rMrD'Minsor'^cD 
intnininiososososnsDsosososor^r^r^r^r^r^n^f^r^r^cDCOCocDcoajoococococncn<ncncncn<ncncna3t3G)G)G)OG)iaiaG)t5~'-- 

CJCJC^rvjcjcj<MCMnj<NjrsjrMC'jCsJCsj<MCjrM<MCMCsjCM<M<MCMrM<McucMCMCviCMrM<MCvjcunjCM<McorMCMfMc^rDcorororororDCDcncocDCorocDCOCOcororo 


A-]  3 


00  +  300000 


01 208E+00  4.01 208E+00  1 . 00000E+00 


IS}  tS) 

S) 

tsi 

G} 

G) 

G) 

G} 

G) 

G} 

G} 

G) 

G) 

G} 

G} 

Gl 

B} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

SJ  G) 

S) 

G> 

G) 

G) 

63 

G} 

6| 

G) 

Gl 

G} 

G} 

G) 

G} 

G} 

B) 

Gl 

Gl 

Gl 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

63 

4  + 

4 

4 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

LU  UJ 

UJ 

LU 

LU 

UJ 

UJ 

UJ 

UJ 

LU 

UJ 

UJ 

LU 

LU 

LU 

UJ 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

UJ 

LU 

LU 

UJ 

LU 

LU 

UI 

LU 

Gl  Gl 

Gl 

&> 

e> 

G) 

G} 

G) 

G} 

G) 

G} 

G) 

G} 

G> 

G} 

G) 

Gl 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

G} 

Gl 

G} 

Gl 

G} 

Gl 

Gl 

<s»  63 

S) 

&> 

G} 

G) 

G> 

G} 

G> 

G> 

G) 

G) 

G} 

G? 

63 

G} 

Gl 

GJ 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

63 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

63  6j 

tS) 

Gl 

G> 

G) 

G} 

G) 

63 

G} 

G) 

G) 

G} 

G) 

G) 

63 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gi 

Gl 

Gl 

Gl 

Gl 

Gl 

S> 

Gl 

Gl 

Gl 

ts»  63 

G} 

G} 

G? 

G) 

G) 

G} 

G) 

G) 

G} 

G} 

G} 

G} 

G? 

G> 

63 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

63 

Gl 

Gl 

Gl 

Gl 

63 

S3 

63  63 

SJ 

G) 

G} 

Gl 

B) 

G) 

G} 

B( 

G} 

G) 

Gl 

G) 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

G} 

Gl 

Gl 

Gl 

,_  _ 

¥— < 

rH 

— 

— 

_ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

69 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gi 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gi 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

63 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

G} 

G} 

Gl 

63 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

63 

Gl 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

UJ 

UJ 

LU 

LU 

LU 

LU 

LU 

UJ 

LU 

U_ 

LU 

UJ 

LU 

LU 

LU 

LU 

LU 

LU 

UJ 

LU 

LU 

UJ 

LU 

UJ 

LU 

LU 

LU 

LU 

UJ 

UJ 

LU 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gi 

Gl 

Gl 

Gl 

Gl 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

G} 

G} 

Gl 

63 

Gl 

Gl 

G} 

Gl 

Gi 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

63 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

<s 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

G} 

63 

O 

Gl 

Gl 

Gl 

63 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gi 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gi 

Gl 

Gl 

63 

Gl 

G} 

Gi 

Gl 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

G} 

Gl 

Gl 

G} 

G} 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

G5 

Gl 

Gl 

63 

63 

63 

63 

Gl 

Gl 

_ 

_ 

_ 

__ 

_ 

— 

— 

— 

— 

fcl 

Gl 

4 


~.<S}G}GlGlSlGlGl— GlGl  —  Gl  —  G}SlGlGlG}-*^G}  —  —  —  G}  —  Gl  —  ~<GlGlGlGl-.SlSlSl  —  G}GlSlSlGlG}G}SlGlG}G}~-.G?G}~-GlGlGl-«GlG?Gl  — 
*DGiGiSiSiGiSiGiGiGiGiSiGiGiGiGiGiGiG}G}GiGiGiG}GiSiGiGiGiSiGiG}S}GiGiGii^B}GiGiG}G}G}GiGiGiGiG}GiGiG}G}GiGiGiGiGiGiG}GiSiGiG} 
♦  444  +  444  I  4  4  I  44  +  4  +  +  4444  I  I  I  +  I4I4444+I44  +  +  +  +  +  4  4  +  44  +  44  +  I  +  4  +  4  +  44444  I 
UIUJIUUIUJUJUJIU  ill  LU  LU  UJ  UJ  Ul  U1LULULULULULULUUJ  lii  LULULULULULULULULULULUUJUJlU  UJ  LU  Lii  tlj  LU  LU  Ui  UI  UI  UJ  UI  UI  111  UJ  lii  tli  UJ  LU  LU  UJ  Ixl  LU  UI  LU  LU 

—  —  in^cD^iocoinG}incDincoinro<nGiCDLor’','*^*-'CMfor^CMco  —  in*-»**roo'«rin>'«**“*<n<niD-**i,**oou)4ncMcor^^r''CD'^co~*inGitf>c’}''4ro  —  co 
cnBsvDr''iDCM«^co^^coc^^in^i^^iniD^i^LDOotDtniD^u3^cDnwCDiop'*aoio^r<nB}(n*-«*G}cou>incotv.in  —  r>'iDinin--*--*in  —  ■*ta>f'''C0CM00 
Di/)ina)nl5(nN*^CD{s}'T-'^(vj(vj^co^(na>u3CD'^(rif^(vtcsjC''»inr,)vDiD^<r»OHr)iflvfliDC7irNCvih.’«toMOMC'^Nu){9NNO>^c^(n^N^ 
cotsno*HNNvom^*-*NNtSM/)te)*-'NOo^r‘nin^^iDt/><S)incoin(nr^(M\fl(vit5»nBi(nM^«inNty)r*.u),«jvflNM<na5^tDa)nl5l5Nl5tfic,>tfi 
'♦uiooGicor^cnoj  —  incotnn'^odf^ojooSiSiininoococjcnr^GiCDoouocn  —  CMoniD-^tsiiMCDcn  —  cncn  —  covocooocnGi'<rcnCMOocn  —  Sjcocoo--imSi 


—  iDrs-o^cj  —  iMf^coc^  —  uotn  —  CMCMroinococMCOcniDM^cnodiniM  —  r>.io^LniMio^*-«’M>  —  —  •'-•'M---*  —  co--«<moo  —  r>.  —  •■tcmvoco  —  —  •M-^iMin 


B) 

Gl 

Gi 

Gi 

Gl 

Gl 

Gi  —  Gl 

Gl 

Gi 

Gl 

Gl 

Gi 

Gl 

Gl 

— < 

Gi 

Gl 

Gl 

63  —  63 

Gl 

6}  *-*  Gl  G}  C}  Gl  G}  G}  G}  Sj  Si 

Gl 

Gl  —  — 

Gi 

Gi 

_ 

Gi 

Gl 

63  —  63 

Gl 

G} 

G} 

B} 

63 

G} 

Gl  Gl  Gl 

Gl 

Gl 

63 

Gl 

Gl 

Gl  Gl  Gl 

Gi 

Gl 

Gi 

63 

Gl 

Gl 

Gi 

Gl 

Gl 

Gi 

Gl 

63 

Gl 

G} 

Gl 

63 

Gl 

Gl 

Gl  ^ 

Gl 

SlGiSiSiGlGlGlSlGiSiS} 

Gl 

Gl  Gi  Si 

6| 

Gi 

Gl 

Gi 

Gi 

G}  Gl  G} 

G} 

Gl 

Gl 

4 

4 

4 

4 

4  4  4 

4 

J 

4 

4 

1 

4  4  4 

4 

4 

4 

4 

4 

4 

4 

i 

1 

i 

4 

1 

4 

1 

4 

4 

4 

4 

4  1  4 

4 

44444444444 

4 

4  4  1 

4 

4 

4 

4 

4 

4  4  4 

4 

4 

1 

1  UJ 

LU 

LU 

LU 

LU  LU  UJ 

LU 

UJ 

UJ 

LU 

LU 

LU  LU  LU 

LU 

LU 

LU 

UJ 

UJ 

LU 

UJ 

UI 

LU 

LU 

LU 

UJ 

LU 

UI 

UJ 

LU 

UJ 

UJ 

LU  LU  LU 

UJ 

ill  lii  lil  lii  lii  lii  lii  lil  til  lii  t»l 

LU 

Ul  LU  LU 

LU 

LU 

LU 

UJ 

LU 

LU  LU  UJ 

UJ 

LU 

UJ 

i  — 

— 

m 

■*r 

CO  -4  vD 

CO 

m 

Gl 

in 

CO 

in  oo  in 

CO 

cn 

63 

00 

<JD 

r- 

63 

— * 

CM 

00 

CM 

00 

— « 

in 

«-• 

oo  m 

^cncnio-^-r^roiDincMco 

—  O'*  CD 

00 

—* 

cn 

Gl 

in  00 

CO 

00 

CT> 

Gl 

ID 

rv. 

U>  CM  «»* 

CO 

't 

00 

CO 

Gi  in 

CO 

Gl 

in 

CD 

N 

ID 

cn 

Gl 

in 

ID 

Tl 

ID 

Gl 

00 

00 

ID 

cn  id 

cnG?cn^fG}covDmcorvLn 

r*»  u>  m 

cn 

*— • 

in 

•— « 

^oors 

CO 

CM 

CO 

1  CO 

L O 

in 

CO 

00  Si  CD 

—* 

00 

Gl 

•^r 

■— «  — •  CM 

CM 

■M- 

CO 

i— « 

a> 

<r» 

ID 

00 

— « 

cn 

r- 

CM 

CJ 

cn 

in 

CO 

lO 

id  tsi  cn 

cn 

fOiciomcnrvNn.’Ccnio 

CM 

cn  ^  n 

♦D 

63 

CM 

f" 

cn 

G}  cn  cn 

■** 

r>. 

CO 

G} 

in 

—• 

fs.  uo 

cn 

N 

iv. 

Si  uo  Gi 

— • 

Ov 

CO 

r^. 

CO 

in 

ID 

m 

Gl 

m 

CD 

uo 

cn 

CM 

CD  Csl  Gl 

in 

SicncM^incMOor-vD^iD 

0- 

cm  cn  oo 

CO 

CD 

00 

G} 

Gi  m.  g? 

m 

00 

uo 

ID 

oo 

G} 

oo  cn 

CM 

in 

CO 

in 

O'.  ^  CM 

r^- 

CM 

00 

63 

Gi 

in 

in 

CO 

CO 

CM 

cn 

Ov 

Gl 

CO 

00 

CD 

cn 

cm  cn  in 

GiCMCocn  —  cncn— *co»Dco 

00 

on  'ft 

cn 

CM 

CO 

cn 

Gl  CD  CO 

r- 

CM 

Gl 

^  —  vor^o^CM  —  iMrv.cDoo  —  idoo  —  cMCJOoinoooocjcocninoo»--'<niMiniM  —  r'.ro,**infMiD''**--t^»-^«--«~*^»‘~-,~*co-*CMCO  —  r^  —  ^imudco  —  —  -^r^rcMin 


SlGlSlG}GlG5GlGj<DGlGlGlSltDGlG5GlGlG)G}SlGlGlGlGlGlCDG5tDG)SlGlG}GlGlGlG3^G}GjGa^GaGlGlSlG5GlGiGlGl6}Gl6}GlGlG}GlGlGlG}tatDGl 

GlGiG}G}SiG}G}GiGiGiGit'3GiGiG}GiGiGiG}GiG)tDGaGiGiG}SiG}GiGiGiGiGitDGiG}GiGiG)t9GiGiGitsG)GiGitsG)^G}GiG}tDGiGiC3G)tDGiGiG}CdGi 

B}GlBlGlGlG}GiepGlG}Gl^GlGl^GlGl6}GlG}GlGlGlGlGlGlG}G}tDG5^GlG}SlGlG}Gl^GlGlGlG}^GlCDB}Gl^GlGlGltDes^<5<D^tD^G}tDG»^G} 

cnSi^rucO'6ruiuor^CDcnS}^Cvjoo^uoujr^cocnGi^<McO'*uiuDi^<D(nSi  —  c^co^uou)r^coanSi-^od00^ir>iDrv.cocnG)--.cMOO'«?in*Dr^-CDcnGi  —  cm 

-♦(MNtMNrjfMrJiMfMNnnnnnnnfonn^-^  -+  -«f  -*r  'd^i/u/ii/iininininiPuunvDvDvcvflujiflajajvDiflNNr^NrM^rvNNNcDtoa) 

nrinnnrinnnnnnnnnrinnnnnnrorinoironf'innnrinrontnnroconnoicocinnnnnconnnnnnrinnri^nr) 


A-14 


300000 


00+300000' I  00+309805 ‘ 00+309805 ' I  000'88EI 


G? 

IS? 

is? 

IS? 

Is? 

is? 

IS? 

Is? 

Is? 

Is? 

Is? 

is? 

IS? 

Is? 

IS? 

is? 

IS? 

is? 

is? 

is? 

is? 

15 

6? 

15 

15 

15 

15 

15 

15 

15 

15 

15 

G? 

IS? 

is? 

IS? 

Is? 

IS? 

IS? 

is? 

IS? 

IS? 

IS? 

IS? 

IS? 

IS? 

is? 

IS? 

is? 

IS? 

is? 

IS? 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

4 

4 

♦ 

4 

4 

4 

♦ 

4 

♦ 

4 

4 

4 

4 

♦ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

♦ 

4 

4 

+ 

4 

4 

4 

4 

4 

UJ 

Ui 

LlI 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

UJ 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

G? 

is? 

IS? 

is? 

is? 

is? 

is? 

is? 

is? 

IS? 

is? 

is? 

is? 

IS? 

is? 

IS? 

IS? 

is? 

15 

is? 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

G? 

IS? 

IS? 

is? 

IS? 

Is? 

is? 

is? 

is? 

IS? 

is? 

is? 

G? 

IS? 

IS? 

Is? 

is? 

IS? 

is? 

IS? 

15 

15 

15 

*5 

15 

15 

15 

15 

15 

15 

15 

15 

IS? 

IS? 

IS? 

IS? 

is? 

is? 

IS? 

IS? 

IS? 

IS? 

is? 

IS? 

is? 

IS? 

Is? 

IS? 

IS? 

IS? 

is? 

15 

15 

15 

15 

<5 

15 

15 

15 

15 

15 

15 

15 

15 

is? 

IS? 

Is? 

IS? 

IS? 

IS? 

Is? 

IS? 

G? 

15 

Is? 

IS? 

IS? 

is? 

IS? 

IS? 

IS? 

IS? 

is? 

15 

15 

15 

<5 

15 

15 

15 

15 

15 

15 

15 

15 

IS? 

is? 

is? 

is? 

IS? 

IS? 

IS? 

Is? 

is? 

is? 

is? 

is? 

IS? 

is? 

Is? 

is? 

IS? 

G? 

is? 

is? 

15 

15 

15 

15 

15 

15 

15 

15 

15 

G? 

15 

15 

15 

G? 

G? 

15-15 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G?  —  G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

15 

15 

G? 

G?  G?  IS? 

G? 

G? 

G? 

15 

G? 

G? 

15 

G? 

G? 

G? 

G?  G?  G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

4 

4 

4 

4  1  4 

+ 

♦ 

4 

4 

+ 

4 

4 

♦ 

4 

4 

♦  1  4 

♦ 

4 

4 

4 

♦ 

4 

4 

4 

4 

♦ 

LU 

LU 

LU 

LU  LU  LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU  LU  LU 

LU 

UJ 

LU 

UJ 

LU 

LU 

LU 

UJ 

LU 

LU 

15 

G? 

G? 

G?  r-  G? 

G? 

G? 

G? 

<5 

G? 

G? 

G? 

G? 

G? 

G? 

^  CO  ^ 

G? 

G? 

G? 

G? 

G? 

G? 

15 

G? 

G? 

G? 

15 

G? 

G? 

G?  CD  G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G?  co  G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

15 

G? 

G? 

G?  <7*  G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

^  (7>  G? 

G? 

G? 

G? 

G? 

15 

G? 

G? 

G? 

G? 

G? 

15 

G? 

G? 

Is?  cn  G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

Jtls? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

15 

G? 

G? 

G?  cn  G? 

G? 

G? 

G? 

G? 

G? 

15 

G? 

G? 

G? 

G? 

5  cMs? 

G? 

*5 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

♦ 

Ui 


G? 

G? 

<5 
G? 

G?  fei 


m 


m 


—  ^S?G?  —  —  — '^GjG?  —  — •— •G?ts?G?ts?— *G>^— •G?—«G?G?  —  —  G?G?G?£?G?G?G?ls*ts?K?G?  —  —  —  G?G?G?  —  —  G?G?is?G?G?— «G?C3  —  cocm  —  —  G?ls?— • 
G?G?G?i5G?i5i5G??s?G?G?G?G?G?is?G?G?is?i5G?is?i5i5G?G?G?G?G?G?is?G?G?is?G?<s?G?G?G?G?G?G?G?&?G?G?G?G?G?G?G?G?G?G??s?G?G?G?G?G?G?i5G?G? 

•  4  4  4  41  •  »44*4  1  44444  I  44*14  I  44  I  I  44  +  444444444  I  4  +  444  I  44444  144  I  |  I  I  I  +  +  +  + 

UlUIUJtiilUUiUJUUUUillilllUIUJUJQJUJUJUIUIlAiUJUJlJJUIUi  LlI  lii  \il  UJ  Ui  |jJ  ill  iii  tj|  tii  til  LiJ  >ii  lil  ill  ItJ  1.1  iii  »■!  iii  iti  l»i  in  iii  in  til  hi  »>t  |!)  i.i  qj  i.i  m  m  |4|  i.i 

co  —  r^cotnt^oocMcoco  —  —  CMcocncM^CMxj-cncncoxtfcjcocMcninr'.  —  —  tncnxr+*cnvoinx»covocncol5CoG?  —  cnxta>voiocMcoinG?ooi^tna>  —  G?a> 
(Mrx.inincMvoin’xfrM'CO^r^r^^xtfN.^co’xi-corN+cn  —  G?r^(Mvox*a>--*cDvocna>cot9vocntMininvocncncoin*>*G?r^xr--.f^««*<n  —  rvG?CMrx+fx+— r«.cD 
vororox*^cMvo  —  cMcoior'«— cnio  —  ^rnvovo  —  l$  —  a>G?  —  x*vomcor^cot$r^ts?a}  —  CMCM^coooG?xrtn  —  incM+xTrorocniniovo  —  cocor<<.inm'*G? 
x»+«*u>vD<MCMcnmr'-incocJCDinc»G?G?cDLnr^i^?sjcoin^cncor>.<ncotnG?xr««ri£)CDxr?5?cor‘-cniDG?cncnxjcoG?coco^  —  x»<\jcocMCMxrvotnG?vovo 
loco- covor^r^int5ioi^voinG?coa>G?xtcncoG?inf‘^voG**xru)— «cn  —  x*cotnG?x*cncnvoG?x»coi5?  —  vor-incoG?co  —  CMx*xr.-.cMcuvocnr^coxrta}?5 


in  —  x*^com  —  cm  —  cococo  —  covovo^cnin- cncovo  —  a>cocncox»-*rcocncMx»cocM^CM  —  mcM  —  cnco  —  vox*iorN.rv  —  in-n— co^^invo  —  cm«  — 


—  G?  G?  G?  ~ 

^  ^  *— •  l~vy 

G? 

—  —  G? 

G? 

G? 

*» 

<S  —  — 

G? 

—  is 

G? 

is 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

S} 

G? 

<s - 

G? 

G? 

IS  —  —  Is 

G? 

G? 

IS  Is  — 

Is 

G?  —  CO  Csl  — 

—  G?  G?  — •  — 

6?  Is?  K)  IS?  IS? 

G?  G?  G?  Is? 

&> 

G? 

G?  G?  ^ 

<5 

G? 

G? 

^  15  G? 

S) 

Is  is 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

G? 

^  ^  G?  ^ 

G? 

G? 

G?  G?  G?  G? 

G? 

G? 

G?  G?  G? 

IS 

G>  te>  c?  to 

Q?  G?  G?  G?  G? 

14  4  4  4 

1  1  »  4 

♦ 

+ 

I  4  ♦ 

♦ 

♦ 

♦ 

I 

4-  4-  1 

4- 

1  4- 

4- 

1 

1 

4* 

4 

4- 

4- 

4 

4“ 

4- 

4 

4 

4 

4  4  14 

4 

4 

4  4  14 

4 

4 

4  4  1 

4 

4  1  1  t  I 

14  4  4  4 

LU  LU  LU  UJ  LU 

UJ  UI  UJ  LU 

LU 

LU 

UJ  LU  LU 

LU 

LU 

Ui 

Ui 

LU  Ui  LU 

UI 

LU  LU 

Ui 

Ui 

LU 

LU 

LU 

UJ 

LU 

UI 

LU 

LU 

UJ 

LU 

LU 

UJ  UJ  LU  Ui 

LU 

Ui 

LU  LU  UJ  LU 

LU 

UJ 

UI  LU  LU 

UJ 

111  III  111  III  111 

111  LU  LU  111  ill 

co  —  r-  co  in 

npkmd 

CO 

— • 

—  CM  CO 

cn 

CM 

IS 

CM 

"»  cn  cn 

CO 

x*  G? 

CO 

CM 

cn 

m 

C- 

— * 

— ♦ 

in 

cn 

xt 

V 

cn 

is 

in  x*  CO  VO 

cn 

CO 

G?  CO  — 

tn 

X* 

VO  VO  VO 

CM 

CD  in  fe}  CO  N 

m  oo  —  to  ro 

cm  r-  in  in  cm 

votn-^ 

CO 

G? 

NMS) 

T 

G? 

CO 

ON 

cn 

—  ts 

CM 

vo 

■n 

VO 

VD 

VO 

cn 

CO 

CO 

G? 

VO 

tn  cj  in  in 

VO 

cn 

<n  co  in  -xr 

G? 

c- 

CO  —  C- 

"X» 

(n^MsjCM 

rs.  r-s.  —  rv.  co 

LO  CO  CO  ■*»  — 

CM  VD  i->»  (M 

CO 

in 

r-  —  cn 

in 

— 

<S 

in 

m  vu  — 

G? 

—  CO 

is 

— 

x» 

LO 

m 

CO 

r^. 

CO 

is 

is 

CO 

•— • 

ww6in 

CO 

6) 

in  —  in 

CM 

■x» 

co  co  cn 

in 

vo  vo  —  co  ro 

fN.  m  in  xr  G? 

't  niDOIN 

cm  cn  cn  rv 

cn 

CO 

cm  co  in 

co 

G? 

G? 

co 

mc-n- 

G? 

co  in 

cn 

CO 

cn 

CO 

in 

G? 

x» 

VO 

CO 

xr 

G?  co  c-  cn 

VO 

G? 

cn  cn  xr  co 

G? 

CO 

r>  fia  — 

x» 

CM  GO  CM  CM  x* 

vo  in  G?  vo  vo 

tn  to  —  co  vo 

rv.  +o  ?s? 

lO 

G? 

lOlOQ 

co 

CO 

G? 

x* 

cn  co  G? 

in 

C-*  io 

CD 

cn 

*“• 

X» 

CO 

in 

G? 

cn 

cn 

VO  G?  x»  CO 

G? 

— • 

io  c-  in  co 

G? 

CO 

—  CM  x» 

x* 

—  CM  CM  VO  cn 

N  CO  x»  ?Sj  ?Sj 

G?{35jts?G?G?G?G*ts?ts?K?G?G?G?i5G?i5G?G?G)ts?S)ts?G}S?{5?is?G?S)G}G?iai5G?G?t£?G?&is?G?^?sj{s)t£?i5t9i5G?G3G?G?G?G?G?tx?G?G?GjG?G?G?G?G? 

G?G?G?G?G?l5G?G?G?G?^G?G?G?G?G?l5l5l5^G?G?G}£?&}£?G?£)ts??5)&)5?G?G?^&3^G?G?l5G?t9G?C0G?G?G?^G3G3G?G?G?G3G?G?G?G?G?fcQG?G?<S? 

^inw)rCeD(nSj^(vjn^u,)uihl.co<n^^rjr)^u)U)r'.a)(7>5}«(v<r)^i/>u)NCD(n8)^(MW^ii)U)Na>tnS}^N(n'«invoNCD(ntsj'*‘r«i(»)^invD 
cDOTcococococncncncnintn<ncncninG?G?G?G?G?G?G?G?G?G?-*---«.-.--.--..--«-<-«--«--*tMCMCMiMCM<M<MCMCM(MCOcococococococococO'«»  ■*»  -<»■  ^  ^  ^ 


A-15 


00+30000. 


1447.000  1 . 5407 1 E  *00  1 . 5407 1 E+00  1.00000E+00 


ea  St  tp  t 
tp  tp  ip  t 
♦  ♦  +  ■ 
UJ  UJ  LU  t 

St  St  t 
tp  tp  ip  t 
tp  ip  tp  i 
tp  St  tp  t 
tp  ^  St  i 


t  ip  tp  tp  ip  tp 
t  St  St  St  ip  tp 

J  UJ  UJ  LU  LU  LU 

t  St  tp  S)  ip  S} 
1  6^  ^  Ip  ip  tp 
i  ip  St  ts>  ^  ^ 
i  st  la  ^  tp 
t  ^  tp  St  St  ^ 


^  ^  ip  ^  t 
tp  ^  tp  tp  i 
♦  ♦  ♦  + 
UJ  LU  UJ  LU  l 
tp  tp  ip  tp  i 
ip  S3  ip  ^  i 
St  St  5)  St  i 
S?  ip  S}  tp  t 
St  ip  St  St  t 


t  «S5  tp  St 

t  St  st  tp 
♦  ♦  + 
J  LU  UJ  UJ 
J  ip  <P  tp 

i  St  tp  tp 
t  St  St  St 
t  tp  tp  tp 
i  St  tp  tp 


tS)tS)tS) 

St  ip  tp 
♦  +  + 
LU  LU  LU 
St  tP  St 
ip  ist  tp 
St  ^  tp 
St  St  tp 
St  ^  Si 


tp  tp  ip  tp 

tp  tp  Si  ^ 
+  +  +  + 
LU  LU  LU  LU 
tp  tp  ^  ^ 

ip  tp  ip  ip 
tp  tp  tp  tp 
ip  ip  ip  ip 
ip  ip  ip  ip 


tp  ip  05  5 
ip  ip  Sj  ip  t 
+  ♦  +  ♦  • 
LU  LU  LU  LU  l 
St  St  05  Si  i 
tp  tp  tp  tp  i 
st  tp  tp  tp  t 
ip  ip  05  65  t 
tp  st  tp  tp  t 


i  ip  ip  ip  (p 
>  tp  St  tp  tp 
♦  ♦  ♦  ♦ 
j  LU  LU  LU 
j  ip  ip  ip 
j  ip  ip  ip 

t  tp  05  ip  St 

( tp  ip  tp  St 
1  ip  ip  ip  ip 


itptptp— .tpst  —  tptptM  —  —«Si  —  tptptptpcM  —  tp  —  tpipip  —  tptptptptp—«SitptpipipSt— •—•—•iptMSjtpiptp—*  —  —  tp  —  tp^lpSt 
}ipipipipiptpipipipipipipipipiptpipt}tpipipipipipipipipipipipipipipipiptpipipipipiptpipipiptptpipipipipipiptpipipipiptpip 
-♦♦♦♦♦♦♦♦♦I  I  I  +  I  +  +  +  +  I  I  +  ♦  +  +  +  +  ♦  +  +  -►  +  ♦♦♦♦  +  ♦■►♦♦♦  I  I  I  1  +  !♦♦♦♦♦♦  I  ♦♦♦♦♦♦ 
J  LU  LU  LU  LU  LULULUUILULUUJLULULULULUUJUJUJLULULULUUJLULULULUUJUJIULULULULUIULUUJUJLUUJLULU  LU  LULULULUUJLULULUIU  LU  LU  LU  LU  UJ  LU  til 
*^^cncoipr^cMcncoiocoipcnvo^iD<M(Mr->*cr»lpr'.tpLnr^coroio(r'Ln— «CMtpcMcn— •cor'-CMCo^ipcMinoocM— •tptp&}-*fCMtptpcoco--.crv^Si 
i^tnco  —  CDLnco^inrvj— •^inajmro  —  in*«too^toocviuoroc\j^(\jxfm(vju3LDCOLncvjm^intt)r>.cncNjro,^<urvco'^ipiucr>incooDfc5-*e5m-» 
•  r^codin^f^cn^inStr^cMtpcnmcoro— •cnco^ininr*'-— •,,«r'*»coioco— •^co^inr*.inix>fo,'»'^''»Lninco^— •lpCD05SirvcoiOfM^coStoocD 
ji^r^cM^tpvnincnvointp— -cMCDin— «'<rr'*.cMCOcr»ipr~--«u)CMCMtpin''*ioin— •incotp— •in'<rcMip(otptp'«*cor--intpipvocr»CDvnro-«»tncoin*»* 
>!^r^dinvoinr^Stcr\^CDCvLcnvor^vDCMCM^CDCMiMtr>cocMvDincD--'tp— •r'-^co— •incMvOioipcD(Oio-«ro— •r^ipcotpcnvo-«*r^'«tSitp— ‘coco 


«vo  —  id  —  —  (MCMcncoco^  —  cn  —  —  — «  —  — .(Mcor-^cnr 


iLOtn-*U)VO^-H-  -  CM  CO  —  CM  ^  CD  CO 


— •  ip  ip  ip  ip  ip  — . 
ip  (p  ip  &)  ip  ip  ip 
♦  ♦♦♦♦♦♦ 
UJ  UJ  LU  LU  LU  LU  LU 
CD  — •  r-  "*»  — •  CT>  00 
LflN^^nCO  — 

cn  r*  —  r^.  co  co  in 
r-  co  ru  r-  c*.  cm  ■*» 
5}  in  co  r*.  r-  co  in 


tp  ip  —  ip 
ip  ip  ip  ip 
♦  ♦  •♦■  * 
LU  LU  LU  LU 
ip  1^-  CM  cn 
CO  U)  00 
*«»  r-*  (T>  tp 
ip  u5  in  cr> 
uo  in  r--  ip 


ip  cm  — *  — « ip  — • 
ip  ip  tp  55  ip  St 
♦  »  l  1  ♦  1 
LU  LU  LU  LU  LU  LU 
CO  VO  CO  St  <Ti  VO 
in  cm  -« ip  in  cd 
in  S*  cm  S*  cn 
U)  in  ip  —  cm  co 
OnCONCUD 


S)  tp  iP  ip  ( 
^  ip  St  ip  i 

LU  LU  LU  LU  1 
•«*  VO  CM  CM  C 

in  co  — •  in  « 
<n  co  co  — • c 
in  •— *  r^-  c 

N  lC  CM  N  " 


t  tp  ~ ip  ip  1 

►  St  St  St  St  i 
■f  ♦  +  + 

I  LU  LU  UJ  LU  l 

>  co  co  vd  c 

)  CO  CM  CM  * 

•  —  -^r  co  1 

•  VO  CM  CM  St  l 

1  cm  vo  in  co  • 


t  —  st  ip  st  St  ip  i 
)  ip  St  63  S?  St  ip  l 
♦  +  +  ♦♦♦ 

J  LU  LU  LU  LU  LU  UJ  L 

♦  CM  tp  CM  CJ>  — ♦  CD  r 

j  vo  vo  co  in  cm  in  » 
• »- •  co  —  in  in  i 
» m  —  in  co  ip  — •  l 

•  r-  -«r  co  in  cm  1 


i— •—•ipcM^iptpip’—  —  — ’St*— SiipStip 
iipstststipstipststipststip&t^^ststst<p 
♦  1  1  1  1  +  1+  +  +  +  +  +  t  +  ♦♦♦♦♦ 
iluluujuiluluujujluujluujujluujluluuiujuj 

>^»StCMinCOCM— ^StipiP^CMStipCOCO-^CD  —  St 
trs.a»CMCO^csihvCO^»SttMcruncocoSt^Stio^ 
•^»'«rininfO'»»^lpcoipSir^covDCM^coSicoco 
iStcoip^t^ror^inlpStvDcncovoco^incom^ 
.(Dcovo--*ro  —  r^-iprotpcnvo^r^^ttpip  —  coco 


co  cm  co  in  —  cm  • 


l  — •  VO  — ♦  — •  CM  CM  C 


— •  — •  CM  CM  Cv  • 


1  —  —  n  —  io<n  —  mioi^’ 


I  CO  — •  CM  CO  CO 


stipipSiipiptptatpipipipcptpSiSttptpiptpipsttptpipipipipipStiptptpipipip^^ipipstipstSttpSiSiipStSiiptpipSiStipSiStStStSiStiB 

EptpcpipiptptpCpiptpipipip<pipiptptpip{pipipipipipipiptptptpCpipiptpipiptpipS?tpipiptp{pCptp{pB)iptpiptp<ptpipSiipipiplpO}StSl 

iptpipsiipipipisiptpiptpsitptpipipsiipiptptptpipipipipipipipipipipipipipipipiptptpipiptpipipiptpsiipstsi^ipstsiipipsi^stiplp 

oocnip— 'CMco^inutr^cocnip— •CMd^invoc-cocnip— •fMco^tinvor^cocnip— •CMco**»invDr«-cocnlp-^cMco^iniDr^CDcnip-4(Mco<«»invDrva)0>lp 
v^inininuiu^LnLnuiLninvDU)vDvOvovDiDvDU)iDrv.r^r^rv.rx.r^rs.r-.f^CvCDCococDCDCoCDCocoCDcr«mcr»cncncr*cncricncj>lplpipip{plpip^lpip— • 


A- 16 


00E 


0 . 00000E  *00  0 .000001*00  0 . 00000E*00 


Q)  tS)  S)  {5  S}  IS)  Q)  6}  tS)  tS}  ^ 
(S)&3&3(^&3(S3(S3£Q&3(S3(9 
♦  ♦444444444 
HJ  |ii  i»J  hi  Ul  Ul  Ul  U>  Ul  UJ  Ul 

K)  (S)  tj)  Jsj  K)  ^  Kj  (0  Kj  5} 
(S3(S3(53(S3tS3(S3(S}(S3(S3(Sl(S3 
CQ^tS)tS)tS)(S}tS)tS)(S)tS)t9 
{5  tS)  t!Q  ts  (9  (S3  iS)  (9 


69 


69 

69 

69 

63 

(S3 

O 

0 

69 

0 

(S3 

69 

(S3 

(S3 

(S3 

(S3 

69 

(S3 

69 

(S3 

6) 

(S3 

(53 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

69 

(S3 

69 

(S3 

(S3 

(S3 

(S3 

69 

(S3 

(S3 

(S3 

(S3 

<S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(9 

(S3 

(S3 

(S3 

(S3 

69 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

<9 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

♦ 

4- 

4 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

♦ 

4- 

4- 

♦ 

4 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

LU 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

(S3 

(33 

(S3 

(S3 

(S3 

69 

(S3 

6) 

(S3 

(S3 

(S3 

(S3 

(S3 

69 

69 

(S3 

(S3 

0 

(S3 

<9 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

69 

69 

(S3 

(S3 

(S3 

69 

(S3 

G3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

69 

(S3 

(S3 

(S3 

(S3 

<9 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

69 

<S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

<9 

(S3 

(S3 

(S3 

(S3 

69 

69 

(S3 

<S) 

<S3 

(S3 

(S3 

(S) 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

6> 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S) 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(s 

69 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

69 

(S3 

(S3 

69 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

69 

(S3 

(S3 

69 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

53 

(S3 

(5 

(S3 

(S3 

(S3 

6) 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

69 

<S3 

(S3 

(S3 

(S3 

<9 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

69 

tS)  (i)  tj)  (S3  &) 
(S(  ^3  ^ 

♦  4  4  4  4 

lit  111  111  III  ill 

(S)  (S3  (S3  ^  (S3 
(3  (3  (S(  (513  (3 
(9  (^  (£3  (£3  (S3 
(S3  (33  (S3  C3  (9 
(S3  (S3  ^3  (53  (S3 


(S3 

(S3 

♦ 


(S3 
(S3 
(S3 
(S3 
(S3  (S3 


69 

69 

_ 

«■* 

69 

69-69 

—  —  69  —  19 

(S3 

(S3 

-69-69 

6* 

69 

69 

«— « 

(S3 

(S3 

(S3 

(S3 

69 

(S3 

19-19 

CM 

69  —  19 

CM  — 

, 

— —  —  <S>— .  —  «S5 

(S3 

(S3  —  (S3  — 

69  —  OJ 

CM 

(S3  — 

CM 

(9 

(S3 

<9 

(S3 

(S3 

(S3 

<S3 

(S3 

69  69  69 

69  69656s  69 

(S3 

(S3 

69696965 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

6) 

<9 

69 

(a  ^ 

(S3 

69  69  B» 

69  69 

(S3 

6969696919656369 

(S3 

69  <9  <9l9 

<9  «9  69 

(S3 

65  «a 

(S3 

(S3 

(S3 

(S3 

♦ 

4 

4 

4 

1 

4 

4  1  4 

4  14  4  4 

4 

4 

4  4  14 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

444 

1 

4  1  4 

1  4 

1 

44444444 

4 

4  14  1 

4  1  1 

1 

4  4 

1 

1 

4 

4 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ  UJ 

UJ  Ul  UJ  UJ  UJ 

UJ 

UJ 

UJ  UJ  UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ  UJ 

UJ 

UJ  UJ  UJ 

UJ  UJ 

UJ 

UJUJUJUJUJUJUJUJ 

UJ 

UJ  UJ  UJ  UJ 

UJ  UJ  UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

CD 

(S3 

in 

in 

in 

r- 

69  —  in 

co  in  in  co  (S3 

Is- 

r- 

4  co  in  <0 

CM 

in 

UJ 

in 

CO 

CO 

— 

(S3 

69 

(S3 

cn  in  uj 

rx 

CO  CO  U) 

CO  CM 

cn 

4(9(9f'xU)r^rxin 

cn 

4  rxtn  in 

4  CD  CM 

€0 

•  •— « 

CO 

(S3 

UJ 

(S3 

«— » 

CM 

4 

CO 

U) 

UJ 

(S3  — 

■ — '  4  — *  (M 

CO 

rx 

co  uj  in  cm 

in 

(S3 

4 

4 

CO 

r- 

CO 

69 

r- 

—  CO  CM 

(\i  m  <5 

uj  I*'. 

4 

l04(94CMC0l0  — 

r- 

4  cn  in  4 

uj  in  cd 

CM 

CO  — 

•<4 

rx 

CO 

fcj 

VD 

r- 

in 

N 

00 

4 

(S3  cm  cn 

in  cm  r>.  ru 

in 

— 

cn  co—  in 

Px. 

UJ 

69 

n- 

in 

N 

cn 

(S3 

(S3 

cn 

(S3  —  OO 

69 

4  CUD 

4  (S3 

CM 

intnN  -  cocMcnco 

N(DlS)S) 

CO  CO  CO 

cn 

CO  — 

cn 

rx 

69 

CM 

(VI 

in 

00 

(S3 

in 

CO 

tS)  u>  — • 

in  cm  cn  «-*  <0 

r- 

CD 

IX)  ”4  Cl  N 

4 

rx. 

CM 

w~* 

UJ 

cn 

UJ 

(S3 

cn 

in 

CM  UD  in 

UJ 

CO  —  UJ 

GO  u> 

4 

in(S3cn-4Cocnuj(S3 

in 

(9  uj  4  cn 

co  uj  in 

cn 

cn  in 

co 

UJ 

cn 

CM 

(S3 

CM 

*•* 

CM 

CM 

in 

te3  in 

-<r  -«t  t-~  69  6M 

(S3 

n^oiic 

(S3 

U) 

cn 

I"* 

UJ 

in 

UJ 

(S3 

co 

C^ 

—  CO  CM 

r- 

in  4  (9 

r-  co 

4 

0340— COCM^lD 

4 

—  in  cm  co 

<9  UD  <M 

co 

in  co 

co 

cn 

CD 

CO 

— 

— 

— 

CM 

cn 

— 

(snr- 

1 

6 

S 

2 

3 

cn 

CM 

—  — •  — 

CO 

— 

CM 

— 

CM 

— 

CM 

UJ 

in 

CO 

CO  — •  — 

cn 

5 

7 

3 

6 

3 

8 

—  CM  CM  —  —  CMCMCM 

— .  —  —  10 

CM  — «  00 

in 

8 

2 

7 

5 

4 

UJ 

3D 


uD 

M 

S3 


(S3 

(S3 

-69 

(S3  (S3  —  — ’ 

(S3 

(S3 

(S3 

(S3  —•  (S3  —  (S3 

69  19 

(S3  ^  (S3  (S3 

(S3 

(S3 

19 

(S3 

la  —  is  (9 

69  -  19 

CM 

—  —  (S3 

(S3 

(S3 

(9 

(S3 

19  —  69 

CM 

69  —  —  69 

fcQ 

(S3 

(S3 

(S3 

(S3 

69 19 

(S)  Cq  O  ^ 

(S3 

69 

(S3 

69 

tSJ  (5  (^  (S3 

69  «9 

(S3  (S3  (S3  (S3 

(S3 

(S3 

(S3 

69 

(S3  ^  (S3  (S3 

(S3  (S3  (SJ 

(S3 

(S3  (S3  (S3  (S3 

fca  fc3 

69 

(S3 

(S3 

(S3 

(S3 

69 

(S3 

69 

69  69  69 

(S3 

(S3  (a  (S3  (S3 

(S3 

(a 

4 

4 

4 

1  4 

4  14  4  1 

4 

4 

4 

4 

4  4  4  14 

4  4 

4  4  4  4 

4 

4 

4 

4 

4  4  4  1 

4  1  4 

1 

4  14  4 

4  4  4 

4 

4 

4 

4 

4 

1 

4 

1 

4  I  1 

t 

4  4  11 

4 

4 

UJ 

UJ 

UJ 

UJ  UJ 

1 1 1  iii  1 1 1  lii  til 

Ul 

UJ 

UJ 

UJ 

iii  iii  iii  lii  ill 

UJ  UJ 

UJ  UJ  Ul  UJ 

UJ 

Ul 

UJ 

Ul 

Ul  Ul  UJ  Ul 

Ul  Ul  Ul 

Ul 

UJ  UJ  Ul  Ul 

ill  UJ  UJ 

UJ 

UJ 

Ul 

UJ 

Ul 

Ul 

UJ 

Ul 

UJ  Ul  UJ 

Ul 

Ul  UJ  UJ  Ul 

Ul 

Ul 

(S3 

in 

in 

in  fx 

69  —  m  co  in 

in 

CO 

(S3 

rx 

4  a>  in  co 

cm  in 

uj  in  co  co 

— • 

69 

19 

(S3 

m  in  uj  r- 

CO  CO  U) 

CO 

CM  cn  -4  (S3 

(S3  rx  uj 

fx 

f*x 

in 

cn 

■4 

r*x 

m 

in 

4  CO  CM 

GO 

—  —  «”>  69 

UJ 

*3 

CM 

■*4 

co 

UJ  UJ 

(S3  — •  r-  —  — 

■4 

— * 

CM 

CO 

rv  co  uj  in  cm 

in 

D't'tn 

rx 

CO 

19 

rx 

—  co  cm  rx 

CM  CO  (S) 

UJ 

rv  4  in  4 

(S3  "4  CM 

CO 

UJ 

_ 

rx 

4 

cn 

in 

4 

uj  m  00 

CM 

a>  —  4  fx» 

CO 

(S3 

r- 

in 

rx 

00  4 

(9  cm  cn  m  cm 

rx. 

•4 

CM 

in 

— *  cn  co  —  in 

fx  uj 

(9  rx  m  rx 

cn 

19 

69 

cn 

(S)  *— •  CO  (S3 

*4  cn  uj 

”4 

(S3  cm  m  in 

N-n 

CM 

cn 

co 

rx. 

fx 

co 

(S3 

69 

CO  CO  CO 

cn 

co  —  cn  rx. 

(S3 

CM 

in 

CD 

(S3 

in  co 

(S3  uj  —  in  CM 

<n 

— • 

CO 

N 

CD  UJ  -4  CO  rx 

>4  rx 

cm  — *  uj  cn 

UJ 

(S3 

cn 

in 

cm  uj  in  uj 

CO  —  VD 

CD 

vo  *4  in  (S3 

cn  -4  co 

cn 

UJ 

tt3 

in 

(S3 

VO 

4 

«n 

co  uj  m 

cn 

cn  in  co  uj 

cn 

CM 

CM 

CM 

CM  UJ 

£3  (S}  U1  <4  -4 

(S3 

CM 

^  CO  (S3  CO  UJ 

(S3  UJ 

cn  rx  uj  in 

UJ 

(S3 

03 

rx 

«  n  csj  rv 

in  <4  (S3 

Pv 

CO  *4  in  -4 

CO  — •  CO 

CM 

UJ 

*4 

in 

CM 

co 

(S3  U)  CM 

co 

in  co  co  cn 

00 

CO 

---pjw-^^fON^yjincjno'M^^^-n  — <m  — N^ravDincnn  — ^c*inrs.(*wjncD^(viN^--NNCsi----'U)N-a)tf)CD(Mrvu)  — ^ 


C3<S3^(S353(S3e3S)<S3K3(S)S3(S3(S3tS}(S3S)tS363G353(5(a53S3(S)(S3(S3(5(Sj(S}(S3S>tS3S3(5(S?CS3(S)0(5(S3(S3<S3tS)eS3(S}tt3^^(S363e53C3tS3(S3^63ei3(S3(S3tS3<S3(S3 

^(!3(S)C353J3S)C3G3(S3(aS)(S3tjtS}tSj(3S3C3lS3(a(S3^(S3(S)(5t3(3(S?Sj(S3>S3tjG3<S)(S3tS3tSJtSjtS?(33tS)Sj(SlG3ta(SjC5fc)(5(S}(S3(S3(S3(aeS3(S3(S3(S3(S3tS}(S3(^(S3 

(5(S3fc3(S3t3(5Csf(a(j3CS3^(Sj(5^^C3tS3(^(S30(S3(S3(S3(S3(5fe3fe)(5(S3(^(S)(33(S)(S3(S3(S3(S3S3(S3(S3fe3(S3(S3(!a(S3(S3(S3(5(S3(S3(5G3eatt3(afe3fe3(a&>(Se9(S3(S3(S3 

•«Nn^in»flNooo'^'-N(,,)^imx)N.cDo>^-^(vjn,*tJiujr^cD(T»(3«Mntrt/uDf,»(D(n(3*^Nn^ru)^flNa)0'lS)-^cjp|)^tflvorv(D(n<s*-'Nn'» 

■ — •  -*■-—>—  — irv/MN(\j(Nj(sj(\j(vj(M(v<(Y)n(v)n(v)nf,in(y)n^  <u  rj  ^  *<j  rt  ^  -u  ■«»  -«in(O(f)uiu>(/)i/)(/)(nt/)vDu}iov0ifluiu>u)U)U}NNrs.rNN 

uitnuii/iuiinini/iini/iinintni/iiniouiioinininuitoinuiiDi/iiDiniDi/itot/i^LnintAtPiniDiDi^inioiDtDintDintniDiDiPiDiDintDini/iiDiPinutin 


A-17 


0000E*00 


1 5  7  S . 000  1.62977E+00  1.62977E+00  1.00000E+00 


<S) 

<S) 

G) 

G) 

«> 

G) 

G) 

G) 

G) 

G) 

G) 

G? 

G) 

G) 

G) 

G? 

G? 

G) 

to 

G) 

G) 

G) 

G) 

Gi 

Gj 

to 

G? 

G) 

t3 

to 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

G) 

to 

Gi 

Gi 

Gi 

Gi 

Gi 

O 

G) 

to 

to 

Gi 

Gi 

Gi 

Gi 

Gi 

G) 

G> 

Gi 

Gi 

Gi 

Gi  i 

(S) 

<S) 

G) 

G) 

G) 

Gi 

G) 

G) 

G) 

G) 

G) 

G) 

to 

G) 

G) 

G) 

G) 

G) 

Gi 

G) 

G) 

G) 

G) 

Gi 

Gi 

G) 

Gi 

G) 

Gi 

Gi 

Gi 

Gi 

G( 

Gi 

Gi 

Gi 

to 

G) 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gl 

Gi 

Gi 

Gi 

to 

to 

to 

Gi 

Gi 

to 

Gi 

Gi 

Gi 

to 

Gi 

Gi  < 

4- 

♦ 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4- 

4- 

4- 

4 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4 

4 

4- 

4- 

4- 

4- 

4- 

4- 

♦ 

4“ 

4- 

4- 

4 

4- 

4- 

4- 

+ 

4- 

4- 

4* 

4- 

4- 

4- 

♦ 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UJ 

UI 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UI 

UJ 

UI 

UJ 

UI 

UJ 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UJ 

UI 

UI 

UI 

UJ 

UJ 

UJ 

UJ 

UJ 

UI 

UI 

UI 

UJ 

UJ 

UJ 

UI 

UI 

UI 

UI 

UI 

UJ 

UI 

UJ 

UI 

UI 

UI 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UJ  < 

«S) 

S? 

S) 

G) 

S> 

G) 

G) 

G) 

G) 

o 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

Gi 

G> 

Gj 

G) 

G) 

Gi 

Gi 

Gi 

G) 

Gi 

G) 

Gi 

Gi 

G) 

Gi 

G) 

to 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

to 

Gi 

Gi 

Gi 

Gi 

Gi 

G) 

Gi 

Gl 

to 

Gi 

to 

Gi 

Gi 

to 

to 

Gi 

Gi 

to 

Gi 

tO  ' 

G) 

GJ 

G) 

G) 

G) 

B) 

G) 

G) 

G) 

G) 

to 

G) 

G) 

G) 

G) 

G? 

G) 

G) 

Gi 

G) 

G} 

G) 

G) 

to 

G) 

Gi 

G) 

G) 

G) 

G) 

G) 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

to 

Gi 

Gi 

G? 

Gi 

to 

Gl 

G) 

Gl 

Gj 

Gi 

to 

Gl 

to 

Gi 

Gi 

to 

G> 

Gl 

to 

Gi 

to 

tO' 

Gi 

G> 

G) 

G) 

G) 

Gj 

K) 

G) 

G) 

G) 

6) 

G) 

Gj 

G) 

G) 

G) 

G) 

G) 

to 

GJ 

G) 

Gi 

Gi 

to 

Gi 

Gi 

G) 

G) 

Gi 

G) 

Gi 

Gi 

G> 

Gi 

Gi 

Gl 

Gi 

G> 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gl 

Gi 

to 

Gi 

Gi 

Gi 

Gi 

to 

to 

Gi 

Gi 

to 

Gi 

to  1 

&) 

Gi 

G) 

G) 

«s 

t>) 

G) 

G) 

G) 

G) 

G) 

G) 

to 

G) 

G) 

Gj 

G) 

G) 

G) 

Gj 

G) 

Gi 

G) 

G) 

Gi 

to 

Gi 

G) 

to 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

Gi 

to 

Gi 

Gi 

Gi 

Gi 

Gi 

to 

Gi 

Gi 

Gi 

to 

Gi 

to< 

Gi 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G5 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

Gi 

G) 

G) 

Gi 

G? 

G) 

G) 

G) 

Gi 

Gj 

Gi 

Gi 

to 

G) 

Gi 

G) 

Gi 

Gi 

G) 

Gi 

Gi 

Gi 

Gi 

to 

to 

Gi 

Gi 

Gl 

Gl 

to 

Gl 

Gi 

to 

G) 

Gi 

Gi 

Gi 

Gi 

to 

Gi 

to 

Gl 

Gi 

to' 

i  — 

~x 

— 

— 

— 

~x 

— 

— 

•H 

— 

~x 

-x 

— 

— 

— 

— 

— 

— 

— 

G) 

G) 

Gi 

to 

G) 

G) 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

•-* 

— 

— 

— 

— . 

—  G)  — 
Gi  tej  Gi 
♦  +  i 
uiuj  ui 
in  cn  cm 

UXP-tf 
CO  G) 
CO  CO  CO 
in  —  ID 


(S)  CO  —i 

Gi  GHsi 

4-  I  I 
UJ  UJ  Ui 

CO  cj  Co 

CO 

CO  UJ  — • 
CJ  CO  xr 

^  cnlsj 


— *  Gi 
tsj  <S)  Gl 
I  I  + 
UJ  UJ  UJ 

<n  Gi  cm 
co  cj  in 
co  cn  Gi 
r*-  in  co 
vo  cn  co 


Gi  Gi  cj 
Gl  GlGl 
4-  4-  I 
UJ  UI  UJ 
Gi  CO  CsJ 

Gi  co  r*. 
—  in  r- 
0>  ID  CM 

— •  co  in 


cj  ^  « 
GlGl  Gl  Gi 
i  i  +  i 
UI  UJ  UJ  UJ 
in  c-  Gi  cn 
oq  <d  px  g? 

xT  Gl  xr  — « 

VD  CD  xr  Gl 

in  cn  xt  cj 


iSJCJ  —  —  —  iS3<SjtSjGit5«SJ<SitSi«S?tM<S?CJ  —  — «CJ— .CJCJ  —  —  —  iS)fc5(S)  —  — ‘tS»<S)CS)CJ*-tS)CJ<S)  —  — CJ 

♦  I4I4-4-4-  +  +  +  +  4-  +  +I  +  I  I  I  |  I  I  I  I  |  +  |+  +  +|+  +  +  +|  |  +  |  +  |  |  f 

UIUJUJUIUJUJUJUJUJUJUJUJUIUIUJUJUJUJUJUJUJUJUJUJUJUJUIUJUJUJUJUJUJUJUJUIUJUJUJUJUJUIUJ 

r^-ininr-r-ujuj^t^ts)ts3ts}isj65isjcjc«.ls)r^uja»incomcjcjcjcois?r^rjininisj^ujuj-^ir»cjcoco-^ 
in  ad  cncowGi^GiGiGiGiGioo— »*<»co^«inxrcjcoG)Girx~.in— ‘Cxix.iococoi^xr~xxrr^rxCM— « 
cn  cn  cn  — •  ina>r^^ts)is)ls)^G}'^^oo  —  — .cj^^tcoco— iOoin—.mcj'^ujiDcocn-^rincJCJ^r^ooin 
coioioincocoincoGiGiGiGiGiGiincncD<ncMcocococnxfCMGiincoxrGiGicnuo-xincoiopxa)iocoin(n 
coujcocj^inuj— •ts?ts*s?ts*isits?u>— 'm^CTucmnuHvjcjNNtain  -  tn  Gi  Gi  cm  vo  -x  G)  cm  Gi  cn  -- •  — -  tsi 


—  —  co  is 
ts>  fcj  Gl  «s> 
♦  ♦  i  + 
ui  uj  ui  ui 
in  — .  co  cj 
in  px.  co  cj 
cn  cn  px  — 
^  rx  cj  co 
Gi  ix  cm  in 


co  - 


•  io~ioiDinii>»-»cjfMCJCM-«cj-«— *1/)  —  co— •  cocM<oG)^Gi^GiGico^x-x  cocnmcoinxrcocMPxcoxrvDCJco  — •  mxrcjcnin-xm^xco^xxr^x— .cjco 


*-Gi  — •  «s» 

Gl  Gl  G)  G) 
♦  ♦  *  ♦ 
UJ  UJ  UJ  UI 

in  cn  cj  co 

vd  in  xr  -x 

px  co  G)  co 

CO  CO  CO  CJ 


CO  *—•  w~* 

I  I  I 
UJ  UJ  UJ 

cj  co  m 
cn  co  oo 
UJ  — •  co 

<T»  fc)  UJ 


—  Gi  <S) 
Gl  <S)  tS) 
I  4-  4- 
UJ  UJ  UJ 
G)  CJ  ^ 

cj  in  G) 
cn  ts)  — 
to  co  m 
cn  co  — « 


Gi 

CsJ 

tsj  —  Gi 

G) 

CM 

—  ~_ 

—  Gl 

G) 

Gi 

to 

Gl 

Gl 

Gl 

G) 

CM 

Gl 

CJ  —  —  CJ 

CJ 

CM  —  —  tsj 

Gl 

Gi 

Gl 

—  —  G) 

Gl 

G) 

CJ 

—  GICJGI-x^xCM-x-x 

co 

gi 

Gi 

Gi  <Si  Gi 

G) 

G) 

Gi 

G)G) 

*SGi 

Gi 

G) 

<5 

to 

Gl 

Gi 

Gl 

Gi 

G) 

Gl 

^  Gi  Gi  G) 

Gj 

Gl 

Gi  ^  Gl  Gi 

Gi 

Gl 

Gl 

Gl 

Gi  G)  Gi 

Gi 

Gi 

Gl 

GiGiCiGiGlGiGlGlGi 

Gi 

Gl 

4“ 

i 

1  1  4- 

I 

4- 

i 

♦  1 

4-  ♦ 

4- 

4“ 

4- 

+ 

4- 

4- 

4- 

4- 

1 

4- 

(fit 

i 

I 

1114- 

1 

4- 

4- 

4- 

1  +  4- 

4- 

4- 

i 

I  4-  1  4-  «  1  14-4- 

i 

4- 

UJ 

UJ 

UJ  UI  UI 

UJ 

UJ 

UJ 

UJ  UI 

UI  UJ 

UI 

UJ 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UI 

UI  UI  UJ  UJ 

UJ 

UJ 

UJ  UI  UI  UJ 

UJ 

UJ 

UI 

UJ 

UJ  UI  ui 

UI 

U| 

UJ 

U1  UJ  UI  UJ  UI  UJ  UI  UJ  UJ 

UJ 

UJ 

CO 

CsJ 

ID  C-  Gi 

<n 

fx 

in 

in  ex 

fx  VO 

ID 

•^r 

G) 

to 

G) 

G) 

Gi 

Gi 

Gl 

CJ 

Gi  Cx  ID 

cn 

in 

co  in  cj  cm 

CM 

co 

Gi 

Px 

cm  in  in 

Gi 

xr 

VO 

vD-xcncjcoco^m-x 

CO 

CM 

CO 

r* 

CO  CO  C" 

px 

N 

^  in 

id  cn 

CO 

in 

G) 

to 

G) 

<5 

gi 

G) 

co 

XT  co  — • 

in 

xr 

cm  co  Gi  Gi 

px 

in 

«-x 

Px  Px  VD 

00 

co 

px 

*4  *x  ^fps  NCM^inp. 

CO 

CM 

in 

Cv 

^  Gi  xr 

a> 

cn 

cn 

-*<n 

00 

Cx 

G) 

to 

G) 

G) 

Gl 

Gi 

CO  —  —  CJ 

Gi 

xT 

co  co  cn 

in 

in 

CM 

xr  vd  vo 

CO 

cn 

tncncjGiCxCOincncn 

Cx 

^x 

ID 

CVJ 

id  a>  xr 

G) 

co 

ID 

id  in 

CO  co 

to 

CO 

Gi 

to 

Gi 

Gl 

Gl 

G) 

in 

cn 

co  cn  cj  co 

co 

CO 

co  xr  <m  Gi 

VD 

CO 

'"*■ 

Gi 

Gi  cn  vo 

«-x 

in 

CO 

vorx.covDcoincni5irx 

CJ 

CO 

co 

m 

in  cn  xr 

CsJ 

CO 

ID 

CO  CsJ 

<9  in 

ID 

—• 

Gl 

to 

Gi 

Gi 

Gl 

Gi 

ID 

— • 

cn  xt  cn  vo 

CO 

in 

ID  CM  CJ  Cx 

px 

G) 

in 

in  Gi  Gi 

CM 

VO 

«-x 

GicjGjcn-x-xGiGipx 

CM 

m 

^.-.t/j^aJvocnvD-xcjoJcjrj^xrsj  — *m— *co— •rocjcots?G)S?G)G)is)co  —  — •nmincoin-^cocjrv-CD^ujcjco^in^ccjcnm— .in— *ajv-.^r— f^.cjr> 


G)<!0Gje»tSG)CaCS)G5tS)tpG)C55tS)(S5CS)<S)G)<S-CS)tS)C5G)CS3tS)S)lSjC5G)CS)(S)5){S3&)tS)CS)<S?G)CS)tS?<S)CS)G)?S)tS?fi)CS)tS)CS)tS)CS)C5)^<S)G)^<S)^tStS)tSj<S)IS) 

<S)^G)?VB)t3G)CQG)«aft)S?«S3C5^G)OS)t5tS6jt5)(S)G)t)<5C3tS)tS)G3«S)tS)tS?{sjtS)C}CS)&)tS<S)G)CS)CS?G)fe)iS)CS)G)CS)G)tS)ts)QlS)tsG)CS)Gj<5G)tS)fe)C) 

<S)(a<^G)G)^^tS)&)G)f3G)G)i33tS){sj<S)<SftiS)G){S)G)CS)CpG)tS)lS)<S)iSjt3G)G)ti)CS)iS)G)tS)C3tS)tS)G)t)G)CS)G)^^S}(atS)CS)Cs)t^tS)t5^tS)CatSG)<S)G)t55 

ujc^cotnts>^(\jco^inujr^roo^es)^cjco^uiuJf^cocncs)^cjci^uJUJr^cocn«)^cuco^uiu)r\coo^«5^cjro’*Tir)UJr^coo>«S)--«cjcvJ'«cinujc-co 
rxpxpxrxCDcococooooocococDoocncncncna^cnincncncnGiGiGi^GiGi^^fcii^— »—»-x  — ■»~x-x~x«-t-x.-xojcjcjcjcMCJCMCJCJCM<ocofo<ococo<ococ> 
inminminininininmtninininininininininininininujujiDUJujujujujujujuJujujujujujvDUJiDujujujujujuJUJujujuJUJUJUJiDiDUJUJUJiDvo 


A-18 


00000 E 


1639.000  4.50410E-01  4.50410E-01  1.00000E+00 


tqt9tQ&)Ki6><5)t3<s<s<s)<3Cs)t9<s&;t9&)<s<5ts!&3tats^i3ta<9ta^*$&!Si^&)&ats&)<9<s<9t9t9tstat5)<9G:>t9<a<aO<a&>B}Kie>6><aCQO<Qe> 
+  +  +  ♦  +  +  +  +  +  +  +  +  +  +  +  +  +  ♦  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  ♦  +  +  ♦  +  +  +  +  ♦♦  +  ♦♦  +  ♦♦  +  ■♦■  +  ♦♦♦♦  +  ♦♦  +  + 
y  y  m  lijUJUim  U1  UJ  Ltl  I » I  til  »«>  til  UJ  U]  {|i  tti  Ui  111  UJ  111  |»i  UJ  til  U  til  lil  lit  iii  m  Ui  tii  ui  til  Lti  til  LU  iti  LlI  Ul  1l1  UJ  liJ  UJ  LiJ  tiJ  UJ  liJ  LU  UJ  UI  UJ  UJ  UJ  UJ  UJ  UJ  111  Ixf  UJ  UI  UI 

a5ejts>t»*s)Giea(s6>isjts)(aC}tatat9S)«5(s>(ais)(s}(s)«si&»S}«siea»s!Si6>«5<ats}<a<9ta<5(s«a«i«a«a<sSi(s!is»<aS)<a«a<si«a<s<siia5<s^si«a<aia 


I  I  +  I  +  I+  +  +I  +  I+  +I  +  I+  +I  l  +  l  +  l  I  I  I  ++<+  +  +  I  1  ♦  4-  I  I  +  +  I  I  4  4  4  I  4  I  4  14  1  4  4  4  1  I  14  4  4 

ufOJUJUJUJUJujujujujujujujujujufuiuiujujuJufujujujujUjLiJUJUJaJUJuiuJUJUjUJUJUJUJuiujuiuiuiuiuiuiUJUJujuJUJuiuiuiuiuJUJUiuJUiuj 
(nN^^coNcoNNin  — r«.ro^-»crunN^H,fv^,^0^-HN^N^^'^colsjisa)^Nts)^^N^®a)inN(n^(no>^O'^a)^<s)r,)U)UJ6}ioNr) 
rvJCsJCorovD^co^»r,>^uDC3UJcsjcooMomcr»u>vflrN.cocsj^cDooLor^vD^-<r^in^tco^a>Gi<y'Oor^fw>iDCocM«a)'^\i>cvjcniD^C5<^r»rvrvr^a>6jtft  — 
r^^r^%jOU3C4vi>a)uj\x><sicotvjiDa)invo--*(vja><sicniS)r^u>^coroincDts?'^r)ajcvjCT^ii)^’^--'<nf^feja>»/>?r»CJCsi<siu>^rlsj<sirs»^»rocsiCNjin^sj^^,r^ 
i^^co^cr*r-n^rCaiDvD\i5^ii>f^to<nfMcncMt5in<x»u>ma)r^^cnincDU)roa>co<NJin65^«s>— •  co  •  — *-4~r^a\UMn*)'+o\cv~\o\D%ncstt^o>c*it^ 
u>a>u>isa>-»*s«9C'><\J^*-«&*  —  csir>~r^ui^inr^— •~*r>.ir*cr>(\ia>ir>&ir^vD"*m^cDcofc*"*~oto.- *cocMhjU)co-^^cocDmtr)u5tS}lS)Co^in^cj^ 


u)na>cr'NN^^N^(\j'»(nN^ifl'^infiin<Min'tfna»^a)fsN^-H'»»^N0ONN^  — co(MNa)co-H«r-«r)  — iDNW^o^^Nff'Ooo^vD'# 


I  I4I4I444I4I44I4I44I  »  4  I  4  I  I  I  I  4  4  I  4  4  4  I  14  4  1  14  4  1  I  14  4  4 

ti» :  i  m  i»t  tii  tii  »«i  iii  iii  »■!  tii  iii  iii  m  tii  m  ui  iii  u  ii>  i»i  i»i  iii  iii  iii  iii  «ii  m  iii  iii  iii  t»<  iii  i»»  m  tii  ui  tii  ui  iii  iii  iii  ui  Lit  m  iii  m  til  iii  ui  Lii  ui  u  uj  til  u  ui  tii  ui  ui  u  uui 
a><vi^^cocNjcof^r^u>^r^co^^cninrs.«^^r^^’’tr(j>«-»»^^rv«^^-«rcoiSie9u>,*4CNj5i---'^rNj«)coooinrN.cn^<n<n<s>o%lscD^taco\oioft)U)<vico 
csjrgcoroviJ<^<n^roisivjocou)(\JcoCT>u>i^cr»u5u>r^cocsj^cx)coini^vD--»rN.in^rco^cDe5crvcDr-<n\i)cocsj--.a)^rvi)cao%\i)«5r,>a%<nr^r^r^oot»in--' 
(SI<UN«)tfiNU)CD<fllfl^(nNiniDU)a)^CM®NO>6}Mfl^C0P)in0DlS|4dU)N(nvfl6l4^(^N^CDincn<NJN(SJVO4lS)CUN4nNNU)6j  —  4r^ 
N^p)^(HNfn4^«)iovDSiu)r«.in(nN<^(vjisiin(nu)incDfv4auncDvDnQ)r,)NU)S)^isj-n^^  — -»rv(n<n(niS}40>N^i0tftf>(siN(r«f,)f^ 
ioa>io^a>^<sj^rofvj^*-»tsj-^Cvjf^f>.u>^inr<.^^f^o%fn<via>inl5r^4i)‘^iolsiooco<s<^--rr)a>^cofsjls)U)oo^^co®<nu>\D^<s>co^in-^<vi<si 


infoa>^c\i^^^rg^c^^<ncvi^in^incnincsiLn^cncn^co^f^^-**--*^r^fsicof>»rs.^^cocsi<vjvDco^*-«->-ro^vD<vj<sj^»ri^^<sjo^oc>co^u>^r 


ts*ts>iatsjG}ts)tsjt^ts)is)Cs}C55ts}t3es}ts}SjS)ts)ts3C5t5«s}is)Gjta(siis}is?ts)C5S}is}^^(s}is<cs(tats)^^)^K)tac^ts}*^<s)CafejcaS)<a<a^tsiC5tsjft>tiata<sj 

^^<Njri^tnujr^coCT>^~<vico^invorva>cn^^csjfo^4nu>^oo^^^fsjcn^tnu>r^coo>tB^ejci''*inu>r'*.a><nfcs---c\ir'i<'*int£>r^®or*t»«-*<Ni 
■«r  •**  <  4  4  ^  ^  '<ttru)tntr)inininintniniflU}a)U}vou)U)U}u>(DU>Nrvr^NNNNNNNCooo(D(DCOcooocooo(D(Mr>(^o>(^o>cno>(r(rts)tQ(S) 

^U)Vi)VJ3Vi)U3lOU)VDU3ii)vJ30U)kOU)U3vi3vOuOvDvOvOVl3iI)VJ3U)U)VX)VX>U3U}U3U)U)U)ii)U}vi}VI}li}VI)vOU)U)v0^vOvOUlli)vOvO^)vOuOvI)vOVOvOr^NN 


A-19 


6) 

(S3 

(S3 

6> 

d 

(S3 

(S3 

63 

6) 

63 

63 

6) 

(a 

63 

63 

(S3 

63 

63 

63 

(S3  — 

— 

— 

— 

— 

— 

—  —  (S3 

—  — 

— 

—  —  — 

6) 

<a 

(S3 

(S3 

(S3 

<S3 

(S3 

63 

6| 

63 

63 

63 

63 

63 

Sl 

63 

63 

63 

(S3 

Sl  (si 

63 

63 

63 

(S3 

(S3 

(a  63  63 

63  63 

63 

63  63  63  63  63  63  63 

63  63  63 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4  1 

1 

1 

1 

1 

I 

1  1  4 

1  1 

1 

1  1  1  i  1  1  1 

1  1  1 

UJ 

UJ 

UJ 

Ui 

UI 

Ui 

UJ 

UI 

UI 

UJ 

UJ 

UI 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UI 

UJ 

UJ  UI  UJ 

UJ  UJ 

UI 

iti  m  iii  iii iti  iii  iii 

UI  UJ  UI 

0 

d 

(S3 

(S3 

63 

(S3 

63 

63 

63 

63 

63 

63 

63 

63 

Sl 

63 

Sl 

63 

63 

Sl  S| 

CO 

— 

— 

at 

CM 

IN  00  6) 

od  at 

IN 

—  CD  CO  CO  VO  N.  CM 

co  at  co 

(S3 

(S3 

(S3 

(S3 

(S3 

(S3 

63 

S) 

63 

6) 

Sl 

Sl 

63 

63 

63 

is 

63 

Sl 

(S3 

Si  in 

CO 

co 

|n 

VO 

in 

vo  at  (5 

—  (5 

VO 

63  cn  4  vo  (5  in  crt 

CM  in  CM 

(S3 

6} 

(S3 

(S3 

Sl 

(S3 

6? 

63 

63 

63 

Sl 

63 

63 

63 

(S3 

63 

63 

(S3 

Sl 

Sl  cn 

N* 

^t 

at 

co 

VO 

r»  00  Si 

c-  at 

CD 

at  co  co  co  —  at  co 

N  VD  Ot  1 

(S3 

63 

(S3 

(S3 

63 

(S3 

63 

63 

63 

(S3 

63 

63 

63 

63 

Sl 

Si 

63 

63 

63 

63  ot 

at 

at 

at 

at 

VO 

at  at  63 

a»  at 

at 

ot  at  co  at  at  at  at 

n-  crt  crt 

0 

(S3 

(S3 

(S3 

63 

63 

(3 

63 

63 

63 

63 

63 

63 

63 

63 

63 

63 

63 

63 

63  at 

at 

at 

at 

crt 

at 

at  at  63 

at  at 

at 

crt  at  at  at  at  at  at 

at  at  crt  1 

— 

— 

— 

— 

— 

— 

— 

— 

- 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

—  otatatatototatat(aatatotatototatat(Ttototatot 

3  6)  6)  6)  6)  ^  6) 
1(1111 
JUJUiUJUiUJU 

t  in  co  co  •<  cm  01 
>  co  co  at  —  ci 
itncoon-tN 
v  cn  (n  at  u)  cd  tr» 
\  os  cr>  os  at  at  at 


(563(3(3636363^63 

i  i  i  i  i  i  i  i  i 

ui  ui  uj  uj 

at  vo  co 

CO  f-v  CM  (S) 

at  ^  ^  oj 
co  at  co  at 
at  at  co  at 


I  Ui  UJ  Ui  UJ  L&J 

•  '•t  at  co  fN  (sj 

iaxn^  Not 
t  co  crt  at  at  vo 
t  at  at  at  at  ov 


t!)  C)  tS)  tS)  (3  ^5 

I  I  I  I  I  I 

iii  iii  ill 1 1 <  iii  iii 

(J)  lit  CD  U)  N  "tf 

co  at  N-  at  ^  at 
cocrtatrNro  — 
■4  63  co  cm  co  i-'- 
tN  co  fN  at  co  — « 


tatotatotototcrtotatatatotatatatatatatototin 


ti)  ti)  (S)  fi)  K) 

I  ♦  I  4  4  I 
UJ  Hi  UJ  Ui  Ui  Ui 

in  (sj  n*  n.  m  ui 
6?  at  in  in 
co  co  V  N  CD 

U1  VO  —  CM  VD  N- 

co  (s)  co  -^r  co  so 


—  6)  6} 

(3  ^  6) 

I  4  4 
Ui  Ui  UJ 

co  at  n 
CO  CO  *4 
co  in  is) 
at  co  — 
is)  in  6) 


6)  —  CS) 

^  ^  N 

♦  i  ♦ 
UJ  UJ  UI 
CO  (SI  CO 
•4  CO  CM 
U)NN 
■4  CO  VO 


S)  —  —  CS)  CS)  (S3 
5)  (S)  S)  ^  ^  tsj 
4  I  ♦  4  4  4 
UJ  Ui  Ui  Ui  UJ  UJ 
NunnnN'it 
fca  <r»  (5  *4  vo  63 
vo  vo  co  at  at  4 
—  in(s3crt<Mr- 
in  at  m  co  (a  at 


co  cm  ^  — 
6)  &)  63  6) 
I  I  4  I 
UI  UJ  UJ  UJ 

cn  m  co  vo 

VO  VO  fN  CO 

in  63  6)  cm 
vo  csi  —  in 
a>  (S3  -4  ^ 


—  (5 
(S3  (S3 
t  4 


CO  00 

(S3  (SJ 

co  in 


—  CM  —  6) 
(S)  (S3  63  (S3 

I  I  I  4 
UJ  UJ  UI  Ui 
(5  4  C30  CM 

co  63  at  co 

—  VO  63  CM 

in  co  co 


4  —  63 
63  (3  6} 

1  1  + 

UJ  UJ  UI 

co  at  co 
vo  —  6? 
4  in  vo 
co  63  at 

^  N  ^ 


63  ^  (S3 

6)  <3  6) 

4  4  ♦ 

UI  UJ  UI 

(S3  csi  at 

(S3  (Sj  4 

CM  4  CO 
4  N*  4 
in  c-  in 


—  C5  —  ^t2  —  63(5(5363  —  (53  —  (563  —  —  cm  —  —  63  —  —  co— •  —  (3— *co 

I4I44I4444I4I44I  I  I  I  14-1  I  |  I  14-1  I  I 
UlUJUJUJUIUJUJUJUJUIUIUIUIUlUIUJUJUJUJUIUJUIUJUlUJUiUlUJUJUl 
co(5u>voatosiat(5coiN*«*N.iM  —  4tnatm-<ot(MiN~-.co4CD  —  n.co  — 
'Tin(S3(s3ininin(S3incor^r-vo(MinatcoN-  —  co<sirsjf\ji.oinvociatcj'«r 
cum- vDcoiniNcoincMvo  —  —  —  covncomtD63  —  co  -  —  44  —  cocoin 
rMat6)  —  coatcM- 63  —  cdcm  —  inr^otcMCO(5atco  —  44— vov04ioco 
(5CMatco4r^co  —  4— N.otat(54coinin  —  CMtnvocoininntn<MfN6) 


rovoco  —  vor^  —  4cm  —  rNCOtnoo  —  —  —  —  coco- vo- oicoioin  —  —  incon  —  —  co  -  —  co  —  —  —  CMtoinincoa>CMC044— cm  —  covorNcom4  —  cdcmin 


— 

63  —  63  (a 

— 

— 

63 

(ad  — 

63 

6, - - 

(a 

(a 

63 

CO 

CM 

(S3  —  —  63  — 

CM 

— 

63 

(S3  (SJ  (5  63 

63 

63 

(a 

6)  63  ^ 

63 

63  (a  (a 

(a 

(a 

d 

63 

63 

6)  (Q  Q  S)  03 

63 

63 

» 

4  14  4 

t 

l 

4 

4  4  1 

4 

4  1  4 

4 

4 

4 

1 

1 

4  1  1  4  1 

1 

1 

UJ 

UJ  UJ  UJ  UJ 

UJ 

UJ 

UI 

UJ  UJ  UJ 

UJ 

UI  UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UI  UI  UJ  UJ 

IU 

UJ 

m 

CM  N*  N*  in 

in 

CO 

at 

fN  CO  CM 

CO 

in  vo  m 

CO 

IN 

4 

IN 

vn 

VO  CO  —  CO  Ot 

cn 

at 

® 

ot  -4  ^  N 

in 

CO 

CD 

4  4  CO 

CM 

^  at  ^ 

4 

VO 

63 

VO 

vD 

vo  at  in  co  vo 

vo 

in 

4 

00  CD  -4  r- 

co 

CD 

in 

^  VO  N 

IN 

VO  vo  co 

at 

at 

4 

in 

6) 

d  d  c-  od  d 

co 

cn 

in 

VO  —  CM  vo 

N 

at 

co 

—  4H 

vO 

—  m  d 

at 

CM 

IN 

vo 

CM 

—  tn  6;  cm  in 

in 

IN 

00 

6)  00  4  co 

VO 

(S3 

in 

6)  4  — 

4 

in  crt  ui 

CO 

(a 

at 

00 

63 

4  4  CD  U1  4 

vo 

at 

co  vo  co  —  vo 

— 

4cm  —  i-^coinco  — 

— 

— 

— 

00  CO 

—  vo  —  co  co  vo  in 

4  4  4  14  1 


63(3  —  — ■  CM  —  —  (S3  —  —  CO  —  —  (S3  —  —  CO 
^  6)  (S3  (Q  (3  (S3  (S3  6)  (S3  63  (S3  (3  (S3  (53  (5)  63  (9 
4-4IIIII4IIIII4III 
UJUIUJUJUJUJUJUIUlUiUJUIUJUJUJUJUJUIUlUJUJU) 
(Mat  —  *«TN-63  —  atCMOtCON.^— Oiat(M(S3GtN-  —  — 
(5  in  cm  (5  co  4  in  (5  in  cm  cm  15  in  vo  in  cm  in 

00  (si  rsi  vo  n  vo  co  —  4crt4coco*54voat 

4|NOttMv06}C0C0  —  C04r''-VDCMCD(5rO 

(54Comm- cvimvocooicotain  —  invo 


I  4  4  4  4  I  4-  I 


•  coatcj  —  (5  —  cocsirv 

I^NCO  — «4-<N(n<D 


>cmco44  —  cm  —  covorvooin4— cdcmco 


(S3(S3(S»(S3(S3(S3(S(S3(S|(S3(S)tS3(S3S}(S363(S3(S3(S3(S3(S3(S3(S3(53(S3(a^(S3(S3tS}(S)tS3te3(S3(^(S3(S?(S3(S?63tS3(S3tS3(S3tS3(53tS3(S3lS3(S3(S?tS3lS3(S3(S3(S3(S3(S3(S3(S3(S3(S3(S}(S3 

^g^Ofi3(50(S3CS363(S3630(S^O(3(S3(S3(S)(S363(S3(S3(S363(S3(S3(S3(S3C:a63636;C3(a(S)(S3(S3(S3(S363iS3(S3(S3(S3(S3tS363(S36)(S3(S)(S3(S3(S3(S3CS?(S3(S3CS3(S)63(S3 

(56)6)(5636)6)63(56)63(5(5t56)636)6)(56)t5636)(56)(56)636)6}(»636)636>i56)636363(a63t56}t5(36)(3(5(5<563(56)(3<5C5636ita6){56)63 

fo^tnvor^coat(S3— cjco^invor^mat(s3- (sjcn^invor^aoot^  —  (MCvt^fvnvON.coat(S3— <sico*>«rinvON-coat(s3  —  csjco^invor^coat^  —  csjco^invo 
(563(56363(56?  —  •— —*—4  —  —  —  —  —  —  (sj(si<sic*j<sjCsi(MCsi(M<sjcocococo  ci  rocicoc,ico'«r'^'Tf^t'>«»'^t'^  it  ^^tininininininininininvovovnvovovovo 
r'  r^r^r^r^r'-rvr^r^rNt^f^r^r^r^fNr^N.r^r^r'-rNr^i^r'.r^r^r^N.r^r^f^r^r^r^r^r^r^f^c^r^N-r^f^r^r^r^rvr^r^c-r^c^r^r^f^ 


A-20 


1767.000  2 . 36387E+00  2.37544E+00  9.95129E-01 


_  *-,  _  — i  ^  «-. 

_ 

tsa  — .  — 

^  — * 

_ 

_ 

_,  .-i  _  _ 

6)  CO  tQ  fa  K) 

fca 

fca  ts*  ts) 

is)  S) 

G) 

IS) 

Sl 

s> 

IS) 

Si 

IS) 

IS) 

IS) 

C3  G)  G)  G) 

IS) 

IS)  IS)  G)  ^  G) 

1  1  1  t  1  1 

i 

+  »  i 

i  i 

« 

» 

1 

1 

1 

1 

« 

t 

1 

1  1  1  1 

i 

+  1  t  »  + 

lit  l.l  lit  li|  lit  lip 

Ui 

Ui  UI  UJ 

UJ  UJ 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UJ 

UI 

UJ  Ul  UJ  UJ 

ui 

iii  m  iii  iii  iii 

auncMU)  -t  -t 

— • 

to  — 

r»  in 

Si 

UJ 

n- 

CO 

■** 

in 

in 

UJ  CV  V  CO 

UJ 

IS)  »— *  G)  00  G) 

<st  to  in  K>  oo  — 

•-» 

G)  CO  — • 

€0  — « 

UJ 

•*» 

UJ 

■** 

n 

n 

UJ 

•— • 

UJ  CO  CV  CO 

n 

G)  n  ■**-  Ga 

— •  CM  6}  6}  PJ  -« 

(V 

G)  — « in 

10  S) 

UJ 

r-. 

IV. 

—• 

CO 

isa 

cn 

r- 

V 

-*0 

G)  cn  tv  G)  is 

U)  N  CM  uun  N 

\D 

t)  cv  cn 

(V  00 

■*r 

tv 

UJ 

■*0 

CO 

S) 

M 

is)  •— *  n  uj 

CO 

S)  co  cn  cn  fco 

OONOOUD 

cn 

G)  ^  <n 

m  oo 

CO 

cn 

cn 

CO 

CO 

cn 

cn 

in 

rv 

ts?  cn  cn  cn 

cn 

is)  co  cn  cn  is) 

9 

8 

9 

9 

9 

9 

9 

0 

9 

9 

9 

9 

9 

8 

9 

9 

9 

9 

cn 

7 

9 

7 

9 

9 

9 

cn 

0 

9 

9 

9 

0 

iiiiiiliiiiiiiifitiififi4-f  +  <rr«  + 

Iti  til  111  UJ  UJ  UJ  Uf  lit  Lij  LiJ  111  Ilf  1.1  \ni  III  III  Hi  III  til  U1  UJ  III  ^  Ul  UJ  U  Ui  UJ  UJ  Ul  UJ 

CO^t5COCOinr^lSjCMCnvDv£)vD«J3CO— •CDCSJti)'-m<r\'<»CDiSJ'«»fej’^01tSJMlSJ 
)S}ii)co<5--(T'^r)iDU)invoinu)^i/)OM/)o>cDN^o>(Nj^(MG)n(rMi)a)t5 
^(*)^-<Cj^fi)t/)f,)NO'<nNioa»o)cninno'rsl9ffl«ls}a)is)Nnt5folsj 
u>co(nN(nNNoo^voiflo\N<n^^<«u)cor)<9'it^cDi9U)^(7>NCD(s)&} 
cncncncncn'«0cnu9U>u><ncDcncocncnujcncncnv3u)cocn*s)cn<S)cncn''«»cnG) 


cn  cn  cn  cn  cncncncncncncncncncncncncncncncncncncncnl^cntsjcn  cn  cn  cn 


— *^cvi^— •*-«— «Gacv^tv-*-^talsaco— «ts)^-*r-«— «-*-*~*(v--«cv— «c\i*~«— «— •.-•-^^cv^cs—'— 'tv^<sacv)^c')fea*~,">~'**^ 

G)lS)iS)tS)I^G)S)G)tSt5afcatS)t5alS)G)t^l^Gal$CSa^*S)l^&)fcaCS}&)ISalS)IS)IS)IS)G)IS)l$atS)G)Ga*$G)t^^Gafca*$fcafc)^l5lSa^t3GjG)CS)G)G)^eSaG){5t^t3 
lll  +  l  +  tl  +  lltt  +  ll«  +  ll«ll++ll++llllllll|ltlll|lll|  +  llll  +  lll  +  lltlt 
UJ  UJ  LU  Lii  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  Ui  tU  Ul  UJ  lii  Lli  Ul  LU  UJ  Ul  Ixl  UJ  Lli  UlUJUIUJUlUiUJUJUI  L&J  UJ  LU  Ixl  lii  Lti  Lij  LlJ  111  LlI  111  Lii  LlI  LlJ  tii  llJ  UJ  UJ  UJ  UJ  LlI  ill  iLl  LlI  LlI  LlI  lii  UJ 

ts)uiuj— *cu^u)r^<nujrN.cui0cnc»CDis)^ujr^cvuJcncv^r^c»f^r^ls)U)coc^c^cDo^uj^c0rooocvcDfoini^in^ts)cninr>*'*tcocou>'*»cocDls).~*a>tv 
cncnco(vc^t)inls)^cnuj— •^cvtvcor^uir^ujujcouJisa^cDr^c^cnr^cnr^ujtsjuo^ror^^^^c^r^cv— *cnr^u)G)U>lS)csjr'wrnr^r''.'c-cocnr'-— .cocn 
cnN(ocnco^tnNa)cONoo^'^^a)^u)NniflinrH>i,<9(\j-4'^^^^r,)b)-«^(0'<rco(n^^-iin-|iONU)^NtQ(^h>ls}'«^^(vj(^U)-<^)(n^ 
r^cvuj^ror^cou)^<na^^u>cnuJcnu>ujtvc»cncn<vcols)cncDr^cvoou)r^incvcDinin---*mi^rirvc\j^c,><Nj--««sj*»cnOo^<'*tv<n— •co"*r£)a>ivin^ 
’nco-*co«— i^cvj^co— •incovD^'^tM— •— ‘-"t  £)  uj  — .vjcocv'xtmocncvfcQinfcaujtscofcQr^^mcotnc'j'^rcvuar^cn  —  -^rcNicv^rrocncotm^cvajco 

cor^ujin— •— icocnuj^cncnuo— 'Ujcovo^cvcncncotv— •— »cv— *cv— *cofv<v— •in<n'*0'vin^ujcncv)^cvininr'«<*co»--in<~co— *-*^co-«r^tn<v---«tntn 


^  —  oj 
S)  fc)  Is) 

l  I  I 
lU  Ul  UJ 
J>  <7>  (M 
-•  C4  ^ 
N  00  00 


<S) 

<sa 

♦ 

Ui 

04 

fc» 

in 


— «(S)*S)— «IS)  —  —  --«CV~*~-«  —  —  G)<V  —  <V— <  —  <S) 

cs)  csa  (a  S)  ^  ts)  tsj  &)  tsj  q  ts)  tsa  ^  6a  ts)  Ga  (s 

!+♦!♦!  *  I  •  +  !  I  I  ♦  I  Cl  11  + 

UJUiUiUJUiUJUiUiUiUiUiUJUiUiUlUiUJUiUiUi 
conSj^n’timficnrjivMifi  —  Nco^nNn 
oocr)l5<nG)rJ'><»~«cvcDC'JCv><n— •ujuj-^incnm 
^^^"inN^o^N-^rsCONNN^mlauJm 


&)Gj— 'GaGais)  —  —  — «  —  — -tv  —  tv— *cv— «*-*—• 

tsats)is)ts)ts)ts)ts)ts)tsais)is)&ats)ts)<s)&)ts)t^Ga 

+  +l**-  +  4-llll»|||l|||| 
Ul  Liltil  LlJ  111  Lii  Ul  unu  UI  111  til  lit  lit  lii  til  til  111  111 

cnts^ujcv^  —  ujcnn-- -isacnnG)— <**0cou) 
floepin',»w(5n^Ca^Mfl(n'»n^r)'^in 
^l^N(M(n^6}^Js»/un(M  — rvCavofoinN 
5a(aU>N^tSjU)Nin<5N^MNU)^O^r)^ 
a)5)CJ^u)ts}ovsitaiOSi^tain^inr>ifla) 


— ■ ■— *  — ■ •  cv  — *^5a^— •(v—'^tt)— 'ftafia^o—tts?— - 
G)G)ts)t)t5a^GaG)*s)is)G)is)ts)Gj<s)is)t5ais)ts)isa 
I  I  I  I  I  +  I  I  I  f  ♦  +  I  +  +  •  I  I  ♦  • 

lit  lil  lii  til  lit  lil  til  lii  ill  lii  U1  i«i  til  lii  lil  lil  lii  in  lii  lii 

mm**t5)in&aroinfsitQ^rl9ro<sacDrv{vjt^tsau> 
ooionN^NUxonta^^NtatorMnoi^-i 
^i^ococr»'«*’«rin'*tvtvts*-*C5arvcvinrN.C5aco 
oocx>cDu>«S}^iPU)-.tvfsjJs)ta<5a^cnuDinCs)cn 
co<v(vJcnu)f--cnGa— .c\j(vGarjG)mu9tS)CvG)r'- 


f-v^tin— »-HCar)»i)-'(,)nu)*-«vfifr)u)^^c,)('jt,)N*-'*- *G)«-*04«-«t5cv(v-^in<n^f^»m— 'CDcnm— *tvmmu)co-^in  —  co~^— ‘tont^r^mcv  — «<sacn 


^<safeatsjK)ts)S)ts>K>G3<saS)K)ts)<s<sa«sjt5(s)fc}eats}istsj&)es)<s&)&)isa^S}i3tsj{sS)t5ats)t5tsai^t^<s)feats}^esa^taCjts3^<5ts)tsatatiaGata<3^tatsj 

s}tsatsa&a&}t!o&*&o&aooQat9Gae3Cat5aC9t5a&afco{5a&at9t9esats)ts}tst<!o&a^£a£a&}Csa($Gatsa{Be$t$Q)^ca^tsaQa£a<5a<sa(9t9t9&)Oo^^Qa&>tBGa{90o 

s}Cat!aG}Ci)0^^&}^t9ta^catacaca(!a^S)&)(s)^o&)ts}^^tats}^{$(aG}^Q&)(s)^^(ata^<s}(s)(s)(ata6)t!a^)ta(s)tac)t9(s)G)(s}(s)t)(s)<s} 

x>ff>^-*(Mn^inu)NCD(nls}-«(\jr)^MnvoN(DO>ts}«(sin’»invDNCDai(s}^(Mn'tfin«i),.'*CD(nts)^N(y)^u)U)r^cxMr»fi)^(M(v)^»flix>NCDtr'S} 
i>u>i^p^r^r^r>.rs^f>vrs^r^fv^ooaaoocooooooocDcococn<n<r»o>on»cntn<ria>c>{sjC3Ga{5{a^s)ls)',^COfca«-*— i^—*— •-^cvcvcvcvtvtvcvcvtvcvro 
vrvNNNr^NNrvrvNN^NNNNNNNNr^NfsNNrs.NNNN^CDCOCDCOCOCDCO'aCDCOajajCDCDOJCDWCDflOtDflOOaOtXjaJCDCOCDtnoa) 


A-21 


10-311666 


1831.000  1.81 998E-02  1.87233E-02  9.72040E-01 


• — 1 

is 

w — •  ■  <  « — 4  « — 4 

_ 

_ 

_* 

- is  — 

_ 

_ 

_ 

is 

_ 

is 

_ 

<s 

<S) 

fc* 

is 

«s> 

is 

is 

Sl 

is 

^ 

ts  (a 

is 

is 

IS 

is 

is 

Si 

is  Is  Is  Is 

is 

Sl 

is 

is  is  5)  5} 

is 

si  6i 

is 

is 

is 

is 

is 

ts  is  is  Is 

is 

is 

Si 

IS  IS  IS  B?  b) 

is 

is 

SI  Sl 

«a 

is 

I 

t 

i 

1 

i 

1 

i 

i 

I 

♦ 

1  1  1  1  1 

1  1 

1 

1 

i 

i 

1 

1 

1  1  ♦  1 

1 

1 

1 

4-  1  1  1 

» 

+  1 

1 

i 

i 

< 

i 

+  14-1 

1 

1 

4- 

11(4-1 

1 

< 

1  1 

1 

« 

UJ 

UJ 

UJ 

UJ 

UJ 

UI 

UJ 

UJ 

UI 

UJ 

lit  111  III  UI  111 

UJ  UJ 

UJ 

UI 

UJ 

Ui 

UJ 

UI 

UI  UJ  UJ  UJ 

UJ 

UI 

UI 

UJ  UJ  UJ  UI 

UJ 

UI  UJ 

UJ 

UJ 

UJ 

UI 

UI 

UI  Ui  UI  UJ 

UJ 

UJ 

UJ 

l«l ill  l«l  l<l 111 

UJ 

UI 

UI  UJ 

UI 

UJ 

fv 

cm 

in 

m 

co 

in 

4 

in 

CO 

SI 

is  <m  — « n-  vd 

n*.  ^ 

4 

CO 

4 

— « 

cm 

u> 

uj  in  ^  (si 

cn 

4 

€3  IS  IS  UJ 

CD 

IS  oo 

in 

m 

00 

00 

UJ 

{S  m  Is  cd 

cn 

co 

is 

4  in  c*'-  is  m 

u> 

UJ 

is  m 

•4- 

m 

CO 

in 

is 

in 

4 

CO 

in 

s> 

<o  r-  oo  is  <n 

(a  trv 

co 

cn 

CM 

cn 

m 

in 

n-  co  is 

00 

cn 

m 

Is  B?  CD  VO 

wi 

bj  4 

4 

is 

U) 

<M 

IS  in  ^  cm 

vo 

m 

is 

uj  co  n*.  B)  in 

IM 

CO 

co  r- 

m 

is 

CM 

r>* 

«-» 

CO 

CO 

CO 

CO 

in 

co 

si 

CO  — .  CD  B}  CO 

in  4 

00 

— « 

4 

is 

VO 

4 

4  uj  is  — • 

— * 

«— • 

CM 

IS  uj  in  o 

— « 

Is  IM 

is 

CM 

cn 

co 

IM 

is  is  is  UJ 

r*. 

is 

is 

B)  in  m  Bj  uj 

m 

•— 

n-  cn 

cn 

in 

in 

m 

<n 

in 

m 

CO 

4 

<n 

si 

m  vo  cn  o>  cn 

CO  VO 

UJ 

is 

— • 

m 

•-* 

cm  m  is  uj 

m 

is 

IS  CO  4  CD 

— 

IS  ’’t 

cn 

— » 

in 

CM 

Si  t'.  ta  -«r 

4 

CO 

is 

co  vo  is  Bj  co 

cn 

CO 

VO  UJ 

in 

in 

vD 

in 

CT> 

m 

m 

cr> 

m 

m 

m 

si 

cn  m  cn  co  cn 

r*.  m 

m 

r*. 

<s 

m 

in 

CD 

—  4  b*  <n 

cn 

CO 

m 

SjtnnN 

cn 

Si  on 

cn 

UJ 

cn 

ro 

in 

IS  cn  B)  co 

VO 

m 

is 

««r  uj  mis  oo 

m 

CO 

CO  00 

m 

in 

m 

m 

CT\ 

m 

m 

m 

a\ 

m 

m 

si 

9 

9 

9 

9 

9 

8 

9 

9 

9 

m 

m 

m 

cn 

m  cn  B}  cn 

9 

9 

9 

0 

9 

9 

4 

9 

0. 

9. 

9. 

m 

cn 

cn 

m 

IS  oo  is  <n  <n  in  ts 

co  rw  oo  «a  m  <a 

7 

9 

9 

9 

fM 

G>  — 
lS&> 

♦  I 

ui  uj 
IS  — 

tS) 

is  co 
<S  in 
is  in  m 


Bi  cn  cn 


CM 

is 

is 

•— * 

SI 

4 

is 

_> 

is 

CsJ 

is 

CO 

—  — *  CM 

CM 

is 

CM 

—« 

CM 

IM 

co 

CM 

(a  —  —  n  —  rj 

CO  —  CO  —  B* 

CM 

is 

CM 

CM 

co 

CM 

ro  —  eg  — «  cm 

CM 

IM 

CM 

CO  — •  CM 

eg  —  — «  B} 

CM 

<M  —  Sl 

is 

Sl 

is 

is 

is 

is 

SI 

si 

is 

Sl 

is 

Sl 

Sl 

IS 

is 

is 

Is  B}  B* 

is 

is 

Sl 

Sl 

is 

is 

<S 

is 

B)  B?  B>  B)  B}  Bj 

ts  Is  is  is 

is 

is 

is 

is 

is 

is 

B}  B)  (S)  K)  S) 

is 

Sl 

is 

is  is  is 

Sl  Sl  61  Sl 

ts 

is  is  IS 

i 

4- 

1 

4- 

1 

4- 

1 

1 

1 

1 

4- 

1 

4- 

i 

4- 

1 

1  1  1 

1 

4- 

1 

1 

1 

1 

i 

1 

4-  1  1  1  l  l 

I  1  1  1  4- 

1 

4- 

1 

i 

1 

1 

1  1  1  1  1 

1 

1 

1 

1  1  1 

1114- 

1 

1  1  4- 

UJ 

UJ 

UJ 

UI 

UJ 

UI 

UI 

UI 

UI 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UI 

UJ  UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

iii iii  i»i  iii  i.i  t.i 

UI  UI  UI  UI  UI 

UJ 

UI 

UI 

ui 

UJ 

UI 

UJ  UJ  UJ  UI  UI 

UJ 

UJ 

UJ 

UJ  UJ  UJ 

UJ  UJ  UJ  UJ 

UJ 

UJ  UI  UJ 

in 

cn 

in 

w~t 

4 

4 

— « 

CO 

4 

in 

4 

in 

CO 

is 

is 

CM  4  CO 

4 

4 

CO 

cn 

r-. 

r-. 

in 

cd  — •  rv  tn  co  Si 

—  B)  co 

in 

in 

m 

CO 

in 

m  co  4  in  n 

m 

Is 

4 

U>  4  N 

CM  CO  m  CD 

VD 

VD  OO  4 

n- 

4 

m 

•— 

in 

CM 

in 

in 

CO 

00 

is 

cn 

in 

1^* 

CM 

IM  4  4 

UJ'CD 

CO 

4 

vo 

IM 

co 

VD 

cn  B*  cm  B*  — •  m 

— <  uj  4  vo  cn 

00 

is 

is 

r- 

CM 

co  Si  o  in  n 

is 

n- 

Si  cn  id 

cd  4  in  in 

CO 

00  CM  CM 

4- 

CM 

— < 

in 

m 

4 

00 

CO 

in 

4 

cn 

is 

4 

in 

in 

cm  co  in 

CO 

CO 

UJ 

CM 

m 

co 

noico^NN 

in  —  cn  4  in 

CM 

co 

4 

in 

is 

in  co  in  a>  — • 

CM 

VD 

Sl 

^  m  4 

n-  CM  CM  ID 

CO 

4  m  CD 

cn 

4 

vo 

4 

4 

n- 

is 

00 

CO 

r^- 

OJ 

CD 

m 

m 

in 

IM  UJ  — 

si  «a 

4 

r>» 

CO 

n- 

CM 

in  cn  in  ^  4  cm 

cm  B*  uj  m  vo 

4 

VD 

VD 

CM 

in  si  <o  Si  •» 

in 

is 

CO 

min  co 

r-  n-  id  cd 

is 

VD  —  m 

oo 

4 

<M 

— 

IU 

(M 

CO 

co 

00 

00 

CM 

«— « 

UJ 

co 

co 

CM 

m  cm  in 

CO 

00 

CM 

CO 

is 

Sl 

r^. 

MS-OCOCl 

NN-cnn 

UJ 

<S 

00 

UJ 

VD 

co  m  r-  r-  — . 

4 

is 

CM 

r-  m  co 

PJ  —  Sl  VD 

Sl 

4 

— 

CM 

— 

CM 

7 

2 

7 

5 

— 

— 

UJ 

m 

— 

00  CO  CM  4 

— 

— 

4 

— 

— 

in 

4 

r*. 

2 

2 

2 

4 

6 

8 

8 

7 

2 

7 

4 

in 

— 

rv 

CO 

CM 

2 

1 

7 

7 

6 

4 

CO 

4  (M  — 

CM  CO  Cn.  CM 

—  CO  — 

— —  ^-HNr)^C9^tS}fM^CsiNlRN(5  — (SJ«^NO(Ml5^nN  — — 

B*BjB)B)B*B}B}BiB)B)B}B)B)B)B)B}B)B)B}B}B>B}B}B}B}B7QB}B)B?B>B}S}B5B)B}B}B}B)B}B}BjB*B}B}B}BiB}B)B}B)B}B}B}B)B>BjB}B}B}B}tS<S 
I  ♦  I  ♦  I  ♦  I  I  •♦♦!♦!♦!  I  *  I  •  ♦  •  I  I  I  ♦  I  ♦  I  I  ♦  I  »  t  I  ♦  I  ♦  1  ♦  I  I  ♦  t  ♦  I  I  I  ♦  |  I  |4|  II  |  |  +  I  +  I  + 

UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UI  ID  UJ  UJ  UI  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UJ  UI  UJ  UJ  UJ  UI  1U  LD  UJ  LlJ  UI  Lil  lil  l.l  l.l  l.l  Lxl  Lil  lil  til  t.l  I.J  Mil  UJ  UJUI  UI  UI  UI  UMlf  UMl<  U»  »>» 
cr>~*vD  —  «n~-vDa>4lsinea4CoincDr-co^in4ioBiCor^BiBiiM4cntsinr^  —  inBjoocgvD4<MB}tsvDBiCDvDinB*vDco~B*iocoinincocgiMBi4n- 
(0^ON(S)(nlS)^NlQNU)^Na)(n,«Nin00(D(D00U)Ni9*H|s^n(Sl(,r)inNU}tQG0<«(nNNI7t^nQ)NNnC9U)^intS}U)(S)0\'ta)(DNlS)l9C0 
^NCD^iant!j^rc)^f,)^lsi-*tDlsco^(Dinl5CJi(*)0'votsi(r»-*Nff\lsn65-'fsis)ODincHy)^*-<t5i/)l3n^ifll!9uiNCD^«n(7ilalstf)^l5}c)io 
N^in^^rvi&NolQr,)(DN(MT)<-|lsiwDU}NlE)(SU)'rtO^K)cooMnc,)is}(9(srsn(s6)vONioNin(s)o^^)rsiJUD)S)NMNts^^\onNrv(Dl>iincn 
rv’tN^NMnr)oolsiN^u)NPi)M(j'Mr^u)*-<u)(M(vjr,'l3u>N{5  —  SjcoN^-iSjtnN'^isjvD^lsjnt^cD^uilsjNr^CDfiiintsivo  —  tnu>inS)Ln^ 


'*<-*^N-'NrN.NNl5«-«*HU)0,»^NMN^»-«^«*»^^^laNN(MNlSaiCDnfs6lN^tn^VflP«.lS^J^^NNlSJ<0MMl5M^^nONNian^ 


Sl6l6lStSl6lSlSlSlS}Sl6l6l6lS}S}KlS)SlSlSlSlSlSlSlS}&lSl6l&)S)KlK)Si&>63Sl6}6lSl&lS}SlS)Sl(SK)S}Sl6}<sS}SlGl6lS}SlSlSlSlSlSltl 

sis»6i®6i6isi6isi6i6i6i6isi6}sisisi<asisi6i6isi0si6isi&i6is!si6isisi6isi6i6isisis>si6}sisi6isisisi6isisisis!6i6i6i6i6i6isi6i 

sidsisisisisisistsisisisitasi&i&isisieasistas'asitassisisisisisisisi^&isisi^tasits'aiaiasisisisicata'asi&isisieasisisisi 

cm  n  *•  in  uiN00(T'lS)*-4r»jn,ti/)vDNcocnl5^Nn'ji/)U)NCDffilS}^(Mn^inu)r^coc7'ft)  —  (\jn,7invONcocj>ls-^('jn^u]U!)NCD(7^l!)«(MO''t 
n<yiciO(¥)(onn^^^'t^5f't,»’<r,*iflinmiflioinu)if)ininvDu)ij)aiu)vDvDU)vDU)f>'rvNfv.r,'r^rsNSNCDCoa>cDcococoooa)coff»cn(PC30N 
OOCOOOOOOOOOCOOOCDOOCOCO€OOOCDCOCOODOOCDODCOCDCOCOCOCOCDCOCDOOCDCOCOOOCDOOCI)CDCDCOCDCDCDCOCX>CDCOCDCOCOCOCOCOCOCOOOCOCOOOCOCOa3 


A-22 


801 8E-01 


18  95. 000  4.D5214E-01  5.07330E-01  9.5S407E-01 


^4 

_4 

-4 

Gl 

G? 

_ 

«_4 

-4 

Gj 

-~i 

^4 

^4 

CM 

«H 

_ 

«_4 

Gl 

CM 

Gl 

44 

44 

Gl 

_ 

_ 

_ 

■4 

44 

GI 

_ 

_ 

44 

44 

_4 

Gl 

_4 

CM 

44 

CM 

44 

Gi 

4 

Gi 

44 

44 

44 

4 

44 

Gl 

Gl 

44 

44 

Gi 

«SJ 

Gl 

Gj 

Gj 

G* 

Gi 

G> 

G} 

GJ 

Gl 

Gl 

Gl 

GJ 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gi 

Gl 

Gl 

Gl 

Gj 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Gi 

Gl 

Gl 

Gl 

Gl 

Gl 

Gi 

Gl 

Gl 

Gl 

Gl 

Gl 

Gl 

Si 

Gl 

Gi 

Gl 

Gl 

Gl 

Gi 

Gi 

Gl 

Gl 

Gi 

1 

1 

1 

1 

4- 

4 

l 

1 

1 

1 

4 

1 

l 

1 

1 

1 

i 

1 

1 

4 

i 

4- 

1 

1 

4 

1 

1 

l 

1 

< 

4 

1 

1 

1 

1 

1 

4 

l 

I 

1 

1 

1 

4 

1 

4 

1 

1 

1 

1 

1 

4 

4 

1 

1 

4 

LU 

UJ 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

UJ 

LU 

LU 

LU 

LU 

LU 

LU 

UJ 

UJ 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

UJ 

UJ 

UJ 

LU 

UJ 

UJ 

LU 

LU 

UJ 

CM 

Gl 

(\J 

to 

G? 

G} 

CO 

CO 

CM 

P- 

Gl 

CM 

p~ 

CD 

IP 

00 

Gl 

00 

Gl 

Gl 

CO 

Gl 

CO 

>* 

Gl 

cn 

00 

Gl 

Gl 

P- 

Gl 

LP 

M- 

r- 

CO 

44 

Gl 

CO 

IP 

CO 

P- 

P- 

Gl 

p- 

o 

p* 

U) 

^4 

cn 

IP 

Gl 

Gl 

44 

Gl 

CO 

r- 

CD 

o 

<51 

CM 

CO 

IP 

CO 

Gj 

5) 

IP 

Gl 

CM 

«— « 

r^- 

Gl 

CO 

Gl 

00 

CM 

Gl 

cn 

*-• 

Gl 

CO 

p- 

Gl 

CM 

CO 

Gl 

Gl 

CM 

Gl 

4 

—• 

Gl 

CO 

IP 

Gl 

ip 

Gl 

p- 

<51 

CO 

CO 

CO 

Gl 

Gl 

Gl 

Gl 

Gl 

CO 

os 

CM 

Gl 

G} 

ID 

LO 

cO 

CO 

G) 

*o 

CO 

r4 

M- 

— 

rv 

— 4 

— 

Gl 

M- 

Gl 

CM 

IP 

Gl 

CO 

P* 

— 

VO 

■M- 

Gl 

CM 

r*. 

— 

CO 

IP 

Gl 

N 

CO 

p- 

<si 

cn 

Gl 

Gl 

G> 

CO 

in 

CO 

CO 

cn 

o 

<51 

CO 

CM 

<51 

00 

G) 

cn 

p- 

G) 

Gj 

— - 

cn 

CM 

cn 

<51 

Gj 

CM 

cn 

Gl 

p- 

Gl 

CO 

6) 

M- 

Gl 

'<* 

P- 

Gl 

ip 

cn 

CM 

Gl 

— 

Gl 

P» 

— 

CO 

CM 

CO 

Gl 

CM 

■M1 

CO 

CM 

00 

G? 

CD 

Gl 

CO 

cn 

r» 

CM 

cn 

<s 

<51 

f) 

CO 

Gl 

to 

IX) 

IP 

hs. 

Gi 

Gl 

CM 

in 

IP 

**■• 

Gl 

CO 

CD 

cn 

CO 

p- 

Gl 

Gj 

Gl 

IS- 

*“4 

Gl 

cn 

CM 

CP 

LP 

Gl 

cn 

—• 

Gl 

00 

p- 

Gl 

CO 

on 

Gl 

CO 

Gl 

CO 

Gl 

N 

os 

as 

cn 

cn 

Gl 

«a 

GO 

in 

Gl 

9 

9 

9 

CM 

Gj 

0 

7 

9 

cn 

cn 

0 

6 

7 

6 

7 

7 

9 

CO 

CO 

Gi  cn  ^  cn 

4 

0 

9 

7 

7 

8 

4 

0 

cn 

CO 

9 

9 

0 

4 

IP 

CO 

cn 

Gl 

cn 

0 

9 

9 

9 

9 

9 

Gl 

Gl 

cn 

CO 

Gl 

44  4_  44  — .  (M 

Gl 

CO  —  *— « 

Gl 

Gi 

CO  — .  — .  CO  —  —  CM 

44 

44 

^-*44(5 

444-,4CO-<N 

CM 

CM 

CM 

CM  — *  CM  — •  — 

44 

CM 

CM 

CM 

CM 

rg  —  fej 

<a  —  <a 

■M- 

CO 

CM 

CM 

Gl 

Gi  tsi  tsi  6i  esi 

Gl 

Gl  Gl  Gl 

Gl 

Gl 

Gi  Gl  Gi  tsi  Gl  Gl  tS} 

Gl 

Gl 

Gi  Gl  Gl  Gi 

G>  fa  fa  fa  Cry  fa  fa 

Gl 

GI 

Gl 

G)  Is  fei  isj  Cs 

Gl 

Gl 

Gl 

Gl 

Gi 

Gi  Gl  Gi 

Gl  Gl  Gi 

Gl 

Gl 

Gl 

Gl 

Gl 

i  i  i  i  i 

4 

l  l  l 

4 

4 

1  1  1  1  1  1  1 

1 

1 

1114 

1  1  1  1  1  1  1  1 

I 

1 

1 

1  1  1  1  1 

1 

1 

1 

1 

1 

1  1  4 

4  1  4 

1 

1 

1 

1 

4 

LU  UJ  UJ  UJ  LU 

LU 

UJ  UJ  LU 

LU 

LU 

LU  LU  LU  UJ  LU  LU  LU 

UJ 

Ul 

UJ  LU  UJ  UJ 

lil  1 « l  lit  til  1.1  lil  l.l  lil 

LU 

Ul 

LU 

tu  l.l  111  l.l  III 

LU 

UJ 

LU 

UJ 

LU 

LU  UJ  UJ 

UJ  UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Qooicnd 

Gl 

cn  ip 

CD 

cn 

cn  rv.  Gi  co  ^  —  in 

p* 

CO 

is  CM  CO  CO 

tocncnGi— <cncor\ 

in 

CO 

CM 

^  CM  CM  co 

IP 

CM 

r- 

■M- 

CO  CO  IS 

—  P-  CO 

CO 

IP 

CO 

Gl 

<o  ip  m  cn 

Gl 

tnuis 

p» 

— « 

OUTU)  B1  <9  N  N 

■M- 

r- 

in  CO  CM  CM 

cn— •cv.cMr^cor-.CD 

Gl 

co 

CM 

CDnnSCfl 

4-1 

44 

Gl 

Gl 

CM 

O  0 

CO  CD  OS 

co 

CO 

CO 

CO 

Gl 

CO  ^  ^  VO  CO 

Gi 

CM  Gl  tO 

CM 

r- 

<5}  o>  n  n  in  <5  <5 

Gl 

cn 

p-  co  co 

\DincDN  n  cococm 

CM 

in 

CD  in  CO  CO  CM 

GO 

Gl 

co 

CO 

cn 

cm  co  cn 

IP  CO  CO 

CO 

cn 

<51 

s  in  p»  cn 

Gl 

conn 

p- 

Gi 

4  tn  co  t-'.  4<  <!»  M 

•— « 

r- 

CD  CM  S  S 

OS  -4  CM  CO  — <*M-CMcO 

CO 

in 

CO 

Gl  CO  CM  —  CO 

cn 

CO 

s 

Gl 

co  in  cn 

00 

IP 

CM 

cn 

OS 

Slew-- 

Gl 

—  p-  in 

oo  uj  <si  in  ci  <si 

CO 

co 

P-  CO  CO  CO 

incM  —  cncocorocM 

— 

~4 

CM 

—  »>.  <SjCT>  U> 

Gl 

CO 

in 

<51  <51  <Sl 

cm  —  -<r 

CO 

in 

CO 

44 

e* 

5 

6 
2 

8 

6 

Gl 

M  (M  — 

- 

- 

M-  CM  in  CO  CO  —  CO 

CD  CO  ^  — <  —  — * 

CM  —  CMCOCOCM  —  CO 

VO 

co 

CO 

—  cm  r-  co  — 

— 

CM 

co 

4 

co 

—  CO  — 

—  CM  — 

os 

— 

CM 

4 

*5 

G}GlGlGlGlGlGlGlGlGlGlGlGlGlGlGlGlGlGlGlGl<SlGlGlGiesGlGlSlGlGlGlGlGlG}G)GlGlfc*lsGlGlGlGlGlGlGlGlt'3GlGlGlC}GlGl 

*  *  I  1+41  t  ♦  ♦  ■♦■  I  I  I  I  I  I  I  I  4  I  4  4  I  4  I  I  I  I  I  +  I  I  I  I  14-1  I  I  I  1414(4414441  1  + 

Ul  UiUi  UJ  UJ  UJ  Ui  U  U1  Ul  UJ  m  Ui  OJ  UJ  UJ  LJ  liltlJ  111  UJ  UJ  Lii  Lii  LJ  Ui  til  UJ  LU  LU  Ui  U  Lil  Uj  lij  111  lii  111  UJ  »ii  HI  Iti  mill  IjI  Ult^j  ||I  itHif  ttHjtmi  u>  Ul 
NvonNb)i9voa),,4N(Q^<-i(nooi9Na}N^^^cncD^ioin(DU)u)^^^in(nt^t!t)^(vjro^(n(s(^)9N(sjfo,4cots)tsi(flC)(S) 
coNUj^tQ^io^tsi^^cocoN^rHvjcntnts^^r^NtQUi^tQtstintacoaxnotQ^toQONtDoxsNCsxocDtafiootsi&tvoiotS) 
u30or)a>^^^(siOGO^(Moou)(n^Ni7\CDis)^{siC4'4^Nn(^o^r>sis)'4a)^'N(vj^o>vo^^^isiiftt9in(DN<Dr,)iS)(S)i/)  tn  tsj 
i/)i/)'4<-*ts)(s)co^tQ^ts)coN(r>r,>)Nr,i)cntn^in(3^a)<S}^NU)«tu)^u)^^a>^H(s)(vja}N(QNts<->ts)co{n^ru),*t6}fi}tpn(S} 
vIXOO>NtS)tS)OMO^S|t)N(MnU>ff'(J\)S),4&)N^(0)S)tS)'^COa}<M^^'4CnOO^N^tDCO'4NrO^VO^(n(S)N^*«&)tS)UO(DtS) 


tS>G)S)5}CS)G}<S>S?tS}?S>5?t^{S)S)iS?iS?^tS}{S)tS}<s?S>?5{S3{sj^tSJ^tS)tSjS)JS5S3{S)tS)tS}(S(S)t!5t5^&)tat5iS}tS}CS}iS){S5{SS)<Sjta^l35 

G}iS}tS)tS)<SjfcitS)tSjCa<S)iS?G?<S}tatS){S)&}<S)tS)K3iS3tSJ^6p^i5t5iSjK}t^iSj(St5iS)fc}fe)^tS)<S)&)SjCala^K}<ata<S)CS)^^fe)tS9^tSJ 

u)N03<T'tS)^NnmnvDNoo(j»ti;^Mn<in'i)NCD(j'^'^Nn^ftflU)MD(nl!i)  — Mcf)'4U)vofsaxr'^-*NM,«rtnvoNtD<r>l5 
cnoscncnGit^GitaGiGiGiGiGiea  —  —  —  —  —  —  cMfMCMCMCMCMCMCMCMfMcocococococococococo'tr’**  ^  ^  -«t  -*r  -*t  in 

cococococnascncnosascnGsososasasGscnasarsosascncncnascnosascsarsoscnososcncnoscnoscncnososososasosCTscncnasasosos 


A-23 


ts* 

<SJ 


cd 

Ul 

CO 


til 

> 

< 

:* 


K<s) 

<*S) 


C/1  to 
of  n 
3  CM 

o  — 

o 

o 

ttT 


X  UJ 

• 

O  CO 

o 

M  z 

K  of 

X  3 

CO  ♦  Ul 

UJ  Z  M 

UJ 

of  X 

> 

UJ  3  CO 

sic 

1 —  — l 

♦  ) 

zo 

Ul 

—  ox 

Iflh 

f- 

a>  < 

u.  K  a. 

k 

o  CO  UJ 

tt)  co 

Co 

•  of 

CO  3 

^  3 

UJ  3 

o 

—  UJ  c 

o 

0X0 

coo 

Ul  K  — 

*— « 

a_  f- 

X 

to  Z  o_ 

K  O 

—  o 

CO  — 

UJ 

UJ  X 

X  Z  1±J 

of  ^ 

K^x 

UJ 

OK 

z 

Kin 

Qf  X 

«— . 

xts) 

O  CO  Ul 

CD 

»-•  1 

u.  of 

UJ 

X  UJ 

Of 

u.  ^ 

CO  K  X 

o 

0&) 

XO.^ 

u. 

K  UJ 

CO  to 

a.  o  co 

UJ 

UJ  • 

UJ  of 

M  «M 

O  _J  UJ 

z 

O 

<  CD 

< 

UJ 

-JO  X 

Of 

a.  co 

C  —  3 

CO  — 

OK  Z 

• 

—  O.  LU 

o 

UJ  — 

K  O  > 

• 

Xfc) 

U.  C 

o 

K  • 

oz;* 

of 

U.  LU 

O  o 

O  UJ  O 

U-  z 

03 

*-* 

Of  Z  _J 

X  K 

UJ  c  O 

1-  Z 

CO  Of  z 

a-  3 

X  — 

uj  O 

3  UJ 

o  o 

Z  X  K 

KO 

o 

—J  K 

LU  Z 

. 

c  o 

X  O 

o 

t_>  z 

K  K  CO 

•— *  — ■ 

Z  UJ 

% 

K 

U  —  o 

a.  • 

O  O 

O  o 

~i 

• 

X  — i  X 

ro 

c  c  c 

3 

Of  U.  Of 

• 

rr 

O  O 

o 

—  3 

oxo 

z 

X  z 

K  O  K 

CO  —  CO 

z 

X  z 

—  X  — 

«-« 

X 

X  ^  X 

CO 

lom-cococm  —  — *is)ts  — 
*s}«ats}ts)tsj<sjis}tsjisi«sj 
i  i  t  t  t  i  t  +  +  + 
LUUJLUIUUJUJUJUILUIU 
CO^CDlOCO  —  lOlOtnvO 

crtvo  —  CMcotar^covocn 
rniots)  —  fcpGpcM  —  cnr^ 
KO\C')tvtn  —  CD  —  CM<S) 


UMM -•  in  N  »-•  <  (VJ  (T»  ^ 


tnm'*<ncv»<M  —  —  cats* 

S)  tj)  (p  tp  (}  tp  (p  tp  Ip  tp 

ujuiluujuiujujujujui 
•^co'^coioco— *  in  in  to 
tpcnto^MincpNcotn 
*«»ioa)t)— <or> 
inNOfOMn-  CD  —  CM 


^tON^U)N-*,n(MCn 


—  fc*  ^  •tfCDCOU) 

—  CO  VO  — «  — *  Cl  VO 
—  CM  — • 


—  t\in^ma3r-cocr*tQ 


co 


i~ji 
I-  <  c_> 
< 

U_  U_  UJ 


uj  or 
l< 


oo 

ca 

z 

<  o 

ox  — 

K  Of 

^tt)*S)^i5fc)^fc)tats) 

o 

*— <  1 — 

LU 

1  1  1  1  1  1  1  4-  +  4- 

Of  Ul 

K  a.  O 

K  M 

LULULULUUILUUJLUIULU 

UJ  K 

C  UJ  — 

X 

CO"»rCDLnCD— .LDtniOVD 

co  to 

of  Q  K 

Ul  CO 

z 

«(MvoCs)rs'-covo(r> 

X  — 

C 

z  — 

*— • 

LDvOtS)  —  fcj^Csl— »CT\r^ 

3  _J 

uj  —i  ad 

CO 

r^cr»cor>.ir>  —  oo  —  cmCs) 

LU  Z 

x  < 

LU  K 

X  Ul  CO 

K  OK 

X  CO 

of 

VjOCM  —  IOCM  —  ^TCMCn^ 

K  >  cf 

—  CO 

K  Ul 

o 

C  ui 

of  Q-  C3 
uiOa: 

x  < 

U  — i 

< 

Zf-Ui 

—  o  x 

CO  K  K 

'IUJM 
OX  — 
Cf- 
UJ  Z 

o:* 

ZhO 
—  X  • 
IHMZ 
I-  CO  — 
—  UJ  O  CO 

:*  of  co 

UI_iX 

MhCO 

Of  X  < 
UJ  —  LU 
CO 

Zu.^Qi 
30^0 
Z  ts)  u_ 
Ul  CO  to 
>  UJ  -X 
<  —  K 
^  o  a. 

ui  ui 
li.fl.ZO 
O  CO  < 


of 
Z  UJ 


UJ 

>U- 

—  o 
o 

CO 
CO  UJ 
•-*  *—< 
o 
I—  Ul 

<  OL. 

co 

to 

a:  uj 
3  x 
o  K 
U 

Oof 

o 

Ou_ 


of  uji-  < 
ui  co  o 
no  o  af  — 

ZXUlh 
Dhl-fl. 
z  <o 
u.  ui 

uj  O  of  z 
x  o  — 
I—  CO 

X  UJ  UJ 
U_  K  Of  <J 

Oo.cz 

uj  c 

z:  q  co  of 

c  ui 

Of  _J  — J  UJ 

CJ  C  3  x 
O  O  O  K 
K  —  tu 
CO  V—  Q 

—  o.  o  z 
X  O  X  C 


C 

of 


o 

o 


<K 
of  a. 

UJ 

xo 

3 

X-i 
—  C 
xo 
C  — 
XK 
a. 

UJ  o 
X 

I—  uj 
X 

kk 

c 

X  UJ 
I—  ad 
UJ 
Of  X 

wn 

co 

X  co 

3  of 
Z  Ul 

UJ  CO  * 

>  X  o 

C  3  Ul 

>  z  Of 

ui  O 

Ul  >  z 
x  <  o 
k:*- 


o 

o 


X 

c 


a 

O 

% 


o 

z 


z 

CO 


mm 

i  i  i  i  i  i  i  i  +  ♦ 

111  lli  lllfil  111  III  III  ill  HI  III 

^co^cotnco  —  tnmio 
^mvO^MVO^NTOvO 
^tnvofc)  —  ts)<s)<M  —  <r* 
inr^airor^w  —  co  —  cm 

—  ujcm  —  iocm  —  ^cmo 


ro  ts?  — 

ta  &) 

I  4-  I 
UJ  Ul  Ul 

k  ts?  uo 
&)  — 
co  &)  vo 

CO  6)  CO 


tS)  tS?  <S) 
&)  &)  *s* 

4-  ♦  ♦ 
UJ  Ul  Ul 

fcp  <5  ^ 

fc)  *5)  ^ 


fc)  fc)  ts*  t* 

JS)  fcpcs)  «S) 
4  4  4  4 
UJ  UJ  UJ  tu 
<3  0*5)  <S) 
&)&)&)£) 
K)  IS)  &)  (S) 
tt)  &)  *5)  <S) 


<&?n  —  — 


^  (p  ip (p  ro  oo  co  in 

CM  VO  — •  — «  CT>  U3 
— *  CM  — • 


—  tMci-'erinvor-cootS) 


CO  ^  co 

c  2: 

ILUD 

z  z 

X  O  Ul 

o  > 
~z< 
xc* 

^  X 


—  lu  < 

CO  Of 

OK 
XX< 
O  X 
Ctuh 
UJ  — 

CO 

z  z 

—  •  < 

X  CO  Ul 

i-  ui  2: 

—  _J 

OC 
afUJ  x 
U  Jh 
CO  O 
XX  ** 

3  Z 
Z  Of  — 

Ul  UJ  CO 

>x 

C  K  Of 

:*  o  < 

—1 

UJ  X  3 

xo  o 

K  Of  — 
u.  I—  . 
CO  Of  o 
I-  UJ  C  — 
CO  o  a.  K 

—  z  < 

-j  uj  c  of 

of 

CJ  UJ  Of  UJ 
Z  lx.  O  X 

—  ad  u.  C 


cv)'-*r*vfc)cr»CT>rvcr»Gocomcncr»r'v 


QfQfafafafofafofQfofofafofQf 

UJ  Ui  UJ  UJ  LU  UJ  UJ  UJ  UJ  Ul  UJ  UJ  UJ  UJ 
COCOCOCQCQCOCQCOCOCQCOCOCQCO 

izizzinzzrzzi 

DDDDDDD3DDDD3D 

zzzzzzzzzzzzzz 

zzzzzzzzzzzzzz 

caoQcooQcacacacocacaoacocam 

ofafofofofofafofafQfQfofofof 
OOOOOOOOOOOOOO 
U.  U.  U_  li.  u.  u_  u.  u.  u_  u.  u.  u_  u.  u_ 

kkkkkkkkkkkkkk 

cotocococococococoiocotococo 

UJUJUIUIUIUtUIUIUJUJUIUJUJUJ 

cacQcooQcocococococacococQoo 

cocococococotocotototococoto 


Cats)Cs)^s)ts)is)Cs)is)t5)Cs)<s?fe)<5)ts) 

IS)tptp(p6)lpC)(ptptp(ptp{ptp 

«<Mn-^ir>vocoo>(S)— -cmco 

»-<(nNrvNr>-Nrs'Nfvcocx)cocD 

CJCMCMCMCMCMCMfMfMCMCMCMCMCM 


^  Ul  (O 

Of 

Of 

Of 

of 

af 

of 

Of 

of 

Of 

of 

of 

Of 

of 

of 

O  K  Q 

Ul 

Uf 

LU 

Ul 

ui 

UJ 

UJ 

UJ 

LU 

LU 

LU 

LU 

LU 

Ul 

-t  Z  LU  UJ 

CD 

CO 

CD 

CD 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CD 

CO 

GO 

-J  —  K  X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

O  CO  K 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

u_  K  — 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

CO  —I  UJ 

Ul 

UJ 

LU 

UJ 

UJ 

Ul 

Ul 

LU 

UJ 

LU 

Ul 

Ul 

UJ 

LU 

UJ  C  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

X  LU  co  C 

C 

C 

c 

C 

C 

< 

C 

< 

< 

< 

< 

< 

< 

< 

K  —  X 

> 

5 

A-24 


GO 

o> 

cr\ 

G* 

cn 

GO 

00 

CO 

GO 

G) 

CO 

00 

cn 

cn 

<n 

00 

CO 

cn 

G) 

cn 

01 

CO 

CO 

cn 

CO 

CO 

00 

CO 

G) 

cn 

cn 

G) 

cn 

cn 

cn 

cn 

00 

cn 

cn 

CO 

cn 

00 

00 

Sl 

Sl 

cn 

cn 

cn 

cn 

cn 

G) 

0 

9 

8 

8 

00 

co 

CO 

a> 

Sl 

CD 

cn 

— 

*-• 

*"• 

•— « 

of 

of 

at 

at 

of 

at 

at 

at 

Of 

of 

Of 

of 

of 

of 

of 

of 

Of 

Of 

of 

of 

of 

Of 

Of 

ct 

Of 

of 

of 

Of 

of 

of 

of 

Of 

Of 

of 

Of 

at 

of 

Of 

Of 

of 

of 

of 

of 

of 

Of 

Of 

of 

Of 

of 

of 

Of 

Of 

Of  Of  Of  Of 

Of 

of 

Of 

Of 

of 

Of 

Of 

of 

LU 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UI 

UI 

UJ 

UJ 

UJ 

Ui 

UI 

UJ 

UI 

Ui 

ui 

Ui 

UI 

UJ 

UI 

UI 

UJ 

UI 

UJ 

UJ 

UI 

UI 

UJ 

UJ 

UJ 

UI 

UJ 

UI 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UI 

UJ 

UJ 

UJ  UJ  UJ  UJ 

UI 

UI 

UJ 

UJ 

UI 

UI 

UJ 

UI 

CD 

CO 

CO 

CD 

03 

CO 

CO 

CD 

CO 

CD 

CO 

CO 

co 

CO 

CO 

CO 

CO 

GO 

CD 

CO 

GO 

CD 

CO 

CO 

CO 

CD 

CD 

CO 

CD 

CO 

CO 

CD 

CD 

CD 

CO 

CD 

CO 

CD 

CQ 

CD 

CD 

CQ 

CD 

CD 

CO 

CD 

CD 

CD 

co 

CO 

eo  co  co  cd 

CO 

CO 

CD 

CQ 

CD 

CO 

CO 

CO 

X 

31 

X 

X 

x 

x 

2: 

X 

2: 

X 

X 

2: 

2: 

X 

21 

X 

X 

2: 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3 

3 

3 

3 

3 

=> 

3 

3 

3 

3 

3 

3 

3 

ZD 

ZD 

ZD 

3 

3 

3 

3 

3 

ZD 

3 

3 

3 

3 

3 

3 

ZD 

3 

3 

3 

3 

3 

ZD 

3 

3 

3 

3 

3 

3 

3 

3 

3 

ZD 

3 

3 

3 

3 

3 

3 

3 

3333 

ZD 

3 

3 

3 

3 

3 

3 

3 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

z 

z 

z 

z 

z 

Z 

z 

z 

z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z  z  z  z 

Z 

z 

Z 

z 

Z 

Z 

z 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

Z 

z 

Z 

Z 

Z 

z 

Z 

Z 

z 

Z 

z 

z 

z 

z 

Z 

z 

z 

z 

z 

Z 

z 

z 

Z 

Z 

z 

Z 

Z 

Z 

z  z  z  z 

z 

Z 

z 

z 

Z 

z 

z 

z 

CD 

CD 

CO 

CO 

CO 

CO 

CO 

CO 

CD 

CO 

CO 

CO 

CD 

CO 

00 

<0 

CO 

CO 

GO 

CO 

CO 

CD 

CO 

CO 

CD 

CD 

CO 

CO 

co 

CD 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CD 

CD 

CQ 

CO 

GO 

CO 

CO 

CD 

CO 

CO 

CQ 

GO 

CO 

CO 

CO 

03  CO  CO  CD 

CO 

CO 

CQ 

CO 

CO 

CO 

GO 

CO 

O' 

Of 

Of 

at 

at 

DC 

a: 

of 

Of 

of 

of 

of 

Of 

Of 

Of 

of 

of 

of 

Of 

Of 

of 

Of 

Of 

of 

Of 

Of 

Of 

of 

of 

Of 

Of 

Of 

Of 

at 

of 

Of 

Of 

Of 

Of 

Of 

of 

Of 

of 

of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

of 

Of  Of  Of  Of 

of 

of 

Of 

of 

of 

of 

of 

Of 

O 

O 

O 

O 

O 

O 

O 

0 

O 

0 

0 

0 

O 

0 

0 

0 

0 

0 

O 

O 

0 

O 

O 

0 

O 

O 

0 

0 

0 

O 

0 

0 

0 

O 

0 

0 

0 

O 

O 

O 

0 

O 

0 

0 

O 

O 

0 

O 

0 

O 

0 

O 

OOOO 

0 

0 

O 

0 

0 

0 

0 

0 

U. 

u_ 

Lt_ 

U- 

u_ 

U_ 

Li- 

u. 

U- 

u_ 

U. 

u 

U- 

u_ 

u_ 

U- 

Ll_ 

u 

Cl. 

u_ 

u 

U. 

u_ 

u. 

u_ 

u_ 

u_ 

u_ 

U- 

u_ 

uu 

li- 

Li- 

Li- 

u. 

u_ 

U- 

U_ 

u_ 

Li- 

u. 

U- 

U- 

li- 

li. 

U- 

li- 

li- 

Lu 

u. 

li- 

U- 

U-  U.  li-  li_ 

U- 

li. 

li- 

li- 

u. 

li. 

li- 

Li_ 

K 

»- 

»“ 

H 

1- 

H 

»- 

Y- 

h- 

Y- 

»- 

I~ 

H- 

1- 

1- 

h* 

»- 

I- 

1- 

H- 

H 

»- 

H 

1- 

1- 

1- 

Y- 

1- 

1- 

H- 

h- 

l- 

h- 

Y- 

1- 

Y— 

1“ 

K* 

1- 

h- 

K 

Y- 

I- 

*- 

Y- 

1- 

Y- 

1- 

1- 

Y— 

Y- 

1 —  1 —  »—  I — 

1- 

1- 

Y— 

Y- 

*- 

1- 

1- 

00 

00 

O0 

00 

00 

00 

00 

<n 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

OO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

C/0 

00 

00 

00 

cn 

cn 

cn 

00 

00  00  00  00 

00 

cn 

00 

00 

cn 

00 

cn 

00 

Ui 

Ui 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UI 

UJ 

UI 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UI 

UJ 

Ui 

Ui 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UI 

UJ 

Ui 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ui 

UI 

UJ 

Ui 

UJ 

UJ 

UJ  UI  UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ui 

UJ 

CD 

CO 

CD 

CO 

CO 

CO 

CO 

CO 

CD 

CD 

CO 

CO 

CO 

CD 

CO 

CO 

CO 

CO 

GO 

CO 

CO 

CD 

CO 

CD 

CO 

CO 

CD 

CO 

GO 

CO 

CQ 

CD 

CD 

CO 

CO 

GO 

CO 

CO 

CO 

CO 

CO 

00 

CO 

CO 

CD 

CD 

GO 

CO 

DO 

CD 

CO 

DO 

CD  CQ  CQ  00 

CD 

CD 

CD 

CD 

CO 

CD 

GO 

CD 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

</) 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

cn 

00 

00 

cn 

cn 

00 

00  00  00  cn 

cn 

cn 

cn 

00 

00 

cn 

00 

00 

*“• 

*“• 

•— 

— 

— • 

•— 

— 1 

*“• 

•— 

*-* 

•— 

*-* 

—• 

— 1 

—• 

•— 

— 

*“• 

•— 

*— 

— • 

— 

•“* 

*"• 

*”• 

*“• 

*■“ 1 

«_« 

•— t 

*“ * 

St 

e> 

G> 

G* 

G) 

Si 

Ga 

G> 

G? 

G) 

G) 

G) 

IS) 

G) 

G) 

Gj 

G) 

G) 

G) 

Ga 

G) 

G) 

G) 

G) 

G) 

G) 

<s 

G) 

<s 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

Sl 

S5 

G) 

Gi 

6} 

G) 

Sl 

G) 

)S)  G)  G) 

Ga 

Gj 

Sl 

G) 

G) 

G) 

G) 

G) 

ss 

G) 

G) 

G) 

*a 

G) 

G) 

O 

G) 

«sa 

G) 

Gj 

G) 

<S) 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

Gi 

G) 

(5> 

G) 

G? 

G) 

G> 

G) 

G) 

G) 

G) 

G) 

si 

Sl 

Si 

G) 

G) 

G) 

G) 

G> 

Sl 

Sl 

G) 

is  61  Sl  Sl 

G) 

Gl 

G) 

G) 

G) 

GJ 

fca 

G) 

G* 

e> 

Si 

G) 

G) 

G) 

G) 

G) 

G) 

Gi 

si 

G) 

G) 

G) 

G) 

G) 

G* 

G) 

G) 

G) 

G) 

<=i 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

Si 

G) 

G) 

G) 

Sl 

G) 

G) 

G) 

G) 

G) 

Sl 

<3 

G) 

Sl 

G) 

G) 

G) 

G) 

G) 

GJ 

G) 

G* 

G3  Ga  G)  G) 

G) 

Gi 

G) 

G| 

Gj 

G) 

G> 

■*f 

VjO 

r- 

00 

<n 

G> 

in 

ID 

N 

CO 

cn 

CM 

CO 

■*r 

in 

VO 

Cv 

CD 

Oi 

G) 

CM 

cn 

in 

vO 

f*. 

00 

cn  to 

CM 

cn 

in 

VD 

00 

cn 

Sl 

_ 

CM 

cn 

in 

ID 

CO 

cn 

G)  ^  cm  cn 

in 

VD 

r- 

00 

cn 

G) 

— 

CD 

00 

CO 

GO 

GO 

cn 

CT> 

<n 

cn 

cn 

cn 

cn 

cn 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

G) 

K} 

— « 

0— 

0— 

0-t 

*— • 

•— 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

cn 

m 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

<  tr  ■'f 

T 

■n- 

in 

in 

CM 

CM 

<M 

<M 

CM 

CM 

CM 

(M 

CM 

CM 

CM 

CM 

cn 

cn 

CD 

cn 

Cl 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn  cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn  cn  cn  cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

— * 

•— 

— * 

— < 

— * 

— « 

— < 

— • 

— • 

— « 

—• 

— * 

— * 

0— 

— • 

— • 

0-* 

0-* 

— • 

— • 

— « 

— • 

0~» 

— • 

— • 

— • 

0— 

— • 

«— 1 

— • 

«— • 

»-* 

— • 

— • 

— « 

— • 

0— 

—• 

— * 

— * 

— * 

of 

Of 

Of 

of 

at 

Of 

Of 

of 

Of 

Qf 

Of 

Of 

of 

at 

at 

at 

Of 

of 

Of 

of 

of 

of 

Of 

at 

at 

Of 

of 

Of 

of 

of 

Of 

at  at 

Of 

of 

at 

of 

at 

Of 

Of 

Of 

at 

at 

Of 

Of 

ct 

at 

at 

Of 

at 

Of 

Of 

Of 

at 

at 

at 

at 

ct 

Of 

at 

Of 

ct 

Of 

of 

UJ 

UI 

UJ 

UJ 

UJ 

UI 

LU 

Ui 

Ui 

Ui 

UI 

UJ 

Ui 

UJ 

LU 

UJ 

Ui 

UJ 

LU 

UJ 

UJ 

UJ 

LU 

UJ 

UI 

LU 

UI 

UI 

UJ 

LU 

Ui 

UJ  UI 

UI 

LU 

UJ 

UJ 

LU 

ui 

UI 

UJ 

Ui 

LU 

LU 

UJ 

UI 

LU 

UI 

LU 

UJ 

LU 

Ui 

LU 

UI 

UI 

UI 

UI 

UJ 

UJ 

LU 

UJ 

LU 

LU 

Ui 

CO 

CO 

CO 

CO 

a) 

00 

00 

CO 

00 

00 

CD 

00 

CO 

CQ 

00 

00 

00 

CQ 

CO 

on 

cO 

CO 

CO 

CD 

CO 

CD 

CD 

GO 

CD 

CD 

00 

CO  GO 

CO 

CO 

co 

CO 

00 

CO 

CO 

CO 

CD 

CD 

CD 

CD 

CQ 

CD 

CO 

CO 

CO 

CQ 

CO 

CD 

co 

CD 

co 

GO 

CO 

CO 

CQ 

CD 

CO 

00 

CD 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X  X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

ZD 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Z 

Z 

z 

z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

z  z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

z 

Z 

Z 

Z 

Z 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ui 

UJ 

UJ 

Ui 

Ui 

LU 

Ui 

Ui 

UJ 

Ui 

LU 

UJ 

Ui 

UI 

UI 

LU 

UJ 

Ui 

Ui 

UI 

UJ 

Ui 

UJ 

UJ 

UJ  LU 

UI 

LU 

UJ 

LU 

UI 

LU 

LU 

Ui 

UJ 

UJ 

LU 

Ui 

UI 

LU 

LU 

UJ 

UJ 

UJ 

UJ 

UJ 

LU 

UJ 

UJ 

UI 

UJ 

UI 

UJ 

UJ 

UJ 

UI 

UJ 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

<  < 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

:* 

z* 

5 

5 

> 

:* 

y 

y 

y 

5 

5 

:* 

5 

y 

y 

y 

y 

5 

y 

y 

y 

y 

:*  y 

y 

y 

y 

y 

y 

y 

y 

5 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

A-25 


9 

9 

CO 

cn 

m 

c n 

«S) 

cn 

CO 

CO 

CO 

m 

CO 

CO 

00 

CD 

cn 

00 

ta 

CO 

CO 

00 

ta 

cn 

00 

CD 

ta 

O0 

CT> 

cn 

OO 

cn 

CO 

CO 

cn 

CO 

t a 

00 

P*. 

CO 

cn 

ta 

c^. 

ta 

cn 

cn 

m 

CO 

cn 

ta 

CO 

cn 

CO 

co 

cn 

r- 

CO 

m 

cn 

cn 

cn 

ta 

<n 

-• 

-* 

44 

an  ec 

a£ 

o' 

aL 

a: 

an 

an 

an 

an 

an 

an 

a: 

an 

an 

an 

an 

an 

an 

an 

a: 

an 

an 

a: 

an 

an 

an 

an 

on 

an 

an 

an 

an 

oi 

an 

an 

a: 

an 

u: 

an 

an 

an 

an 

a: 

an 

an 

an 

an 

on 

oi 

an 

an 

an 

CC 

an 

an 

an 

an 

an 

an 

an 

an 

an 

an 

UJ  Ui 

Ui 

Ui 

UJ 

UJ 

UJ 

UJ 

UJ 

UI 

UJ 

UJ 

UI 

UJ 

UJ 

UI 

UI 

UI 

UJ 

UJ 

UJ 

UJ 

UI 

UI 

UJ 

Ui 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

UI 

UJ 

UI 

UI 

UJ 

UI 

UI 

UJ 

UI 

UJ 

UI 

UI 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UI 

ID 

ui 

UJ 

UI 

UI 

UI 

UJ 

UI 

Ui 

UJ 

UI 

oo  co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

GO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CD 

CO 

CD 

co 

CO 

CD 

CO 

CO 

CQ 

CD 

CO 

CO 

co 

CO 

CD 

CD 

CD 

co 

CD 

CD 

CD 

CD 

CD 

CQ 

CQ 

CO 

CO 

CO 

CD 

CO 

CD 

CD 

CD 

CD 

CD 

CO 

co 

co 

co 

CO 

z  z 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Z>  D 

3 

z> 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

z  z 

Z 

z 

z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

z  z 

Z 

z 

z 

Z 

z 

Z 

z 

z 

z 

Z 

z 

z 

z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

z 

z 

z 

Z 

Z 

z 

z 

z 

z 

Z 

z 

Z 

z 

Z 

z 

Z 

z 

z 

Z 

z 

Z 

z 

z 

z 

z 

z 

Z 

z 

z 

z 

z 

z 

z 

z 

Z 

z 

Z 

z 

z 

44  44 

•— « 

•— • 

*— « 

•— • 

•— • 

•— • 

•— • 

44 

4- « 

*-4 

*— « 

44 

44 

*— « 

44 

44 

•— • 

•— « 

•-4 

•-4 

►4 

•-4 

*— « 

*— » 

•— * 

•— » 

•— • 

*— « 

14 

*-4 

*-4 

*—« 

•— « 

*-4 

*—* 

*—* 

►4 

•—* 

•-4 

•—* 

•—* 

•“4 

«-4 

*-4 

*-4 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

CO  CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

£D 

CO 

CO 

CO 

CO 

CQ 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CQ 

CQ 

CQ 

CO 

CQ 

CD 

CO 

CD 

CO 

CO 

CD 

CO 

CD 

CO 

CQ 

CD 

CO 

CD 

00 

CO 

CD 

CD 

CO 

CO 

CO 

CO 

co 

CD 

CO 

CO 

CO 

an  an 

C£ 

CC 

C* 

an 

a: 

an 

a£ 

on 

an 

an 

of 

a: 

an 

O' 

o' 

an 

an 

o' 

an 

an 

an 

an 

an 

ot: 

a: 

an 

an 

an 

an 

an 

o£ 

Oi 

an 

o' 

an 

an 

an 

an 

an 

an 

O' 

an 

an 

an 

an 

of 

o£ 

an 

an 

C* 

a: 

an 

cn 

an 

a: 

a: 

an 

on 

an 

an 

oo 

O 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

O 

O 

O 

O 

o 

o 

O 

o 

O 

o 

O 

o 

O 

o 

O 

o 

o 

O 

O 

O 

O 

O 

O 

O 

o 

o 

O 

O 

O 

O 

O 

o 

o 

o 

O 

O 

o 

O 

O 

o 

O 

O 

a 

o 

O 

O 

O 

O 

o 

o 

O 

u.  u 

u. 

u. 

u. 

u_ 

u. 

U- 

u_ 

u_ 

u_ 

u 

u. 

u 

u_ 

u_ 

u 

u 

u 

u 

u_ 

u_ 

u. 

U. 

u_ 

u. 

u 

u 

Ll_ 

u 

u 

Lt_ 

u_ 

u 

u 

u_ 

u_ 

u_ 

u_ 

u 

u. 

lL 

u. 

u 

u_ 

u 

u 

u. 

u. 

U- 

U. 

u. 

u_ 

u. 

U- 

U- 

u. 

u 

Li- 

u 

u. 

u. 

u. 

u. 

hh 

K 

1- 

I- 

»- 

»- 

y- 

1- 

1— 

►- 

1- 

K 

J- 

1- 

t- 

f- 

1- 

H- 

1- 

1- 

t- 

h- 

1- 

y- 

f- 

H- 

y- 

t- 

h- 

h~ 

h- 

I- 

H- 

h~ 

J~ 

h- 

l~ 

1- 

y~ 

h- 

H 

y~ 

»- 

1- 

»- 

h- 

»- 

H- 

f— 

f- 

1- 

f- 

1“ 

I- 

1- 

1- 

I— 

f- 

1- 

GO  in 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

to 

GO 

GO 

GO 

GO 

in 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

in 

GO 

GO 

GO 

GO 

in 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

in 

GO 

GO 

GO 

in 

GO 

in 

GO 

GO 

GO 

GO 

in 

GO 

in 

in 

GO 

GO 

GO 

GO 

GO 

GO 

in 

111  LU 

UJ 

Ui 

UJ 

UJ 

UJ 

UJ 

UI 

UJ 

UI 

UI 

Ui 

UJ 

UJ 

Ui 

UI 

UJ 

ID 

Ui 

UI 

UJ 

UJ 

UJ 

UJ 

UI 

UI 

UI 

UI 

UI 

UI 

UJ 

UI 

UJ 

UI 

UI 

ID 

UJ 

UJ 

UI 

UJ 

UI 

UJ 

UI 

UJ 

UI 

ID 

ID 

ID 

UI 

UI 

UI 

UJ 

ID 

UI 

ID 

Ui 

UJ 

UJ 

UI 

UJ 

UI 

UI 

UJ 

CO  CO 

CO 

CO 

CO 

CO 

CO 

GO 

CO 

GO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CD 

CO 

CD 

CO 

CO 

CO 

CO 

CD 

CO 

CD 

00 

CO 

CO 

CD 

CO 

CO 

CQ 

CO 

CO 

CO 

CQ 

00 

CD 

GO 

CD 

CD 

CD 

CD 

CO 

CO 

CD 

CO 

CO 

CD 

CQ 

CD 

CQ 

CO 

GO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CD 

cn  in 

in 

GO 

GO 

GO 

in 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

CO 

GO 

GO 

GO 

in 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

in 

GO 

in 

GO 

GO 

GO 

GO 

in 

GO 

GO 

in 

GO 

GO 

GO 

GO 

GO 

GO 

GO 

in 

GO 

GO 

GO 

in 

GO 

GO 

GO 

GO 

GO 

in 

*-4 

—• 

*’“• 

*“* 

•“* 

*— 

*“• 

*-« 

— • 

*— « 

— 

— * 

•— 

*“* 

— 

— 

•— 

— 1 

— 

— 

*— 

*— 

•— 

*"• 

*— 

— 

*-• 

*“* 

*- 

•— 

•“* 

*4 

*- 

44 

•“* 

*— 

— 

•— 

«5»St 

<S) 

<S 

<S) 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

IS 

ta 

ta 

Is 

*a 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

IS 

ta 

ta 

ta 

ta 

ta 

is 

ta 

<a 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

<a 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

«tS} 

ts) 

ta 

<S) 

ta 

ta 

<a 

ta 

la 

ta 

ta 

ta 

ta 

ta 

IS 

s 

ta 

IS 

ta 

s> 

<a 

ta 

ta 

ta 

ta 

ta 

ta 

<a 

ta 

ta 

<a 

ta 

IS 

ta 

ta 

ta 

ta 

K> 

ta 

B) 

ta 

<a 

ta 

ta 

IS 

<a 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

<a 

ta 

ta 

ta 

<a 

<S  ® 

6> 

ta 

<S 

ta 

ta 

ta 

ta 

ta 

<a 

ta 

<a 

ta 

ta 

ta 

IS 

ta 

ta 

ta 

Is 

ta 

ta 

<a 

is 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

ta 

is 

ta 

ta 

ta 

ta 

is 

ta 

is 

B> 

ta 

is 

is 

is 

ta 

ta 

ta 

<a 

ta 

ta 

(si  n 

n 

m 

lO 

CO 

O' 

ta 

(M 

ro 

in 

lO 

r- 

CO 

00 

<S 

<M 

ro 

•»r 

in 

ID 

r- 

CO 

00 

ta 

~4 

i\j 

ro 

m 

lO 

r«- 

CO 

cn 

<a 

^4 

(VJ 

ro 

in 

ID 

r- 

CD 

cn 

CM 

ro 

in 

ID 

p- 

CO 

m 

Is 

CM 

ro 

■*» 

in 

ID 

in  in 

in 

in 

m 

in 

m 

in 

VO 

VO 

1C 

ID 

to 

uo 

VO 

10 

ID 

ID 

Pv. 

r» 

rs. 

rs 

rv 

r» 

N 

Pv 

rv 

CO 

CO 

CO 

CD 

CD 

00 

CO 

co 

CO 

co 

cn 

cn 

cn 

m 

m 

cn 

cn 

cn 

cn 

<n 

ta 

ta 

ta 

ta 

S) 

ta 

ta 

44 

44 

44 

44 

44 

44 

44 

n  co 

m 

CO 

CO 

CO 

CO 

CO 

ro 

CO 

ro 

CO 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

CO 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

n 

ro 

ro 

ro 

ro 

ro 

CO 

ro 

ro 

ro 

ro 

■^r 

■n 

n 

4» 

^  — • 

<— « 

— • 

—* 

— « 

— • 

— • 

—4 

— 

— • 

— • 

44 

44 

— « 

44 

— • 

44 

— • 

— • 

—• 

— • 

— • 

—4 

— • 

-4 

—4 

~4 

-4 

-4 

^4 

•— 

—• 

-4 

-4 

•>4 

^4 

-4 

-4 

—4 

•-4 

«—* 

—4 

44 

«-4 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

an  an 

or 

C£ 

oc 

oc 

CC 

OC 

QC 

QC 

OC 

cr: 

oc 

a: 

c* 

a: 

c* 

ac 

an 

an 

an 

Of 

a; 

an 

an 

on 

an 

an 

an 

an 

an 

an 

ar 

an 

o' 

of 

an 

a: 

an 

an 

an 

an 

of 

a: 

a: 

CC 

an 

an 

an 

an 

on 

an 

an 

0£ 

O' 

on 

an 

or 

an 

or 

an 

an 

an 

Ui  UI 

UI 

UJ 

UI 

UJ 

Ui 

UJ 

ID 

UJ 

UJ 

ID 

UJ 

UJ 

UI 

UI 

UJ 

UI 

UI 

UJ 

ID 

ID 

UJ 

UJ 

ID 

UI 

Ui 

UJ 

UI 

UJ 

UI 

UJ 

UJ 

UJ 

UJ 

UI 

ID 

UI 

UJ 

UJ 

UI 

UJ 

UI 

UI 

ID 

UI 

ID 

UJ 

UI 

UJ 

UJ 

UJ 

ID 

ID 

ID 

ID 

UJ 

ID 

UI 

ID 

UI 

ID 

ID 

UJ 

CD  co 

CD 

CO 

CD 

CD 

CD 

CO 

CO 

03 

CO 

CD 

CO 

CO 

co 

CQ 

CO 

CO 

00 

CD 

CO 

CO 

CO 

CD 

CD 

CO 

CO 

CD 

CO 

CO 

CO 

CO 

co 

CD 

CO 

CD 

CD 

CD 

CD 

CO 

CO 

co 

CD 

GO 

CD 

CO 

CO 

CQ 

CD 

co 

00 

CO 

CD 

CQ 

CO 

CO 

CD 

CO 

CO 

CD 

CD 

CD 

co 

CD 

X  X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3  3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

O 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

z  z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

ID  ID 

UJ 

UI 

UI 

UJ 

UI 

UJ 

ID 

UJ 

UJ 

UI 

UJ 

ui 

ID 

UJ 

UJ 

Ui 

ID 

ID 

ID 

UJ 

ID 

ID 

UJ 

ID 

ID 

UJ 

UI 

UJ 

ID 

UI 

UJ 

UI 

ID 

UI 

UJ 

UJ 

UJ 

UJ 

UI 

UI 

ID 

ID 

ID 

ID 

UJ 

ID 

UI 

UJ 

ID 

ID 

UI 

UI 

ID 

UJ 

ID 

ID 

UJ 

UI 

UJ 

UI 

ID 

ID 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

<  < 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

5? 

5 

Zx 

5 

ZX 

Zx 

zx 

ZX 

5 

5 

ZX 

* 

> 

ZX 

Zx 

ZX 

ZX 

zx 

ZX 

zx 

zx 

Zx 

ZX 

Zx 

Zx 

zx 

zx 

;x 

Zx 

ZX 

Zx 

Zx 

Zx 

ZX 

Zx 

:x 

Zx 

:x 

Zx 

ZX 

ZX 

ZX 

ZX 

Zx 

zx 

zx 

ZX 

ZX 

Zx 

Zx 

ZX 

Zx 

Zx 

Zx 

ZX 

ZX 

A-26 


crv  <d 

ON 

cn 

CD 

Sl 

CO 

CD 

CD 

<S5 

CO 

cn 

CD 

m 

CO 

CO 

CD 

CO 

D- 

■*» 

0 

6 

8 

8 

8 

s 

6 

0 

8 

0 

CD 

CD 

cn  co  Si  co 

CX  XX 

CX 

or 

CX 

CX 

O' 

ex 

ex 

ex 

cX 

O' 

o' 

O' 

o' 

ex 

CX 

XX 

a: 

CX 

CX 

XX  XX  CX  CX  CX  CX 

cX  CX  CX  CX 

O' 

CX 

CXCXCXCX 

UJ  UJ 

UJ 

Ul 

UJ 

Ui 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

Ul 

111  til  111  111  1 1 »  111 

UJ  Ul  Ul  UJ 

UJ 

Ul 

UJ  UJ  UJ  Ul 

S3  CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

ca 

CO 

cQ 

CO 

CO 

GO  CD  00  CO  CQ  CO 

CO  CO  CO  CD 

03 

CD 

CO  CO  CO  CO 

Z  X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

xxxxxx 

XX  XX 

X 

X 

X  X  X  X 

3  3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

333333 

3  3  3  3 

3 

3 

3  3  3  3 

2  2 

2 

2 

2 

2 

2 

Z 

2 

2 

2 

2 

2 

z 

2 

2 

z 

z 

2 

z 

z 

zzzz  z  z 

zzzz 

z 

z 

zzzz 

2  2 

2 

2 

2 

2 

2 

Z 

2 

2 

2 

2 

Z 

z 

z 

2 

z 

z 

z 

z 

z 

Z  2  Z  2  Z  Z 

zzzz 

z 

z 

zzzz 

i— i  *-« 

*— * 

•— • 

«—« 

*— « 

•— « 

•— « 

•—4 

*— « 

•— • 

►— « 

*— « 

*— « 

*— « 

►—€ 

*—* 

►— « 

•—»  *-*  •— «  •— *  •— «  r— • 

*— «  ►—«  «— •  •— « 

►H 

*— « 

•— *  •— •  . 

DO  CO 

00 

CO 

CD 

co 

CO 

CO 

CO 

CO 

CO 

OO 

CO 

CO 

oO 

CO 

ca 

CO 

CO 

CO 

CO 

00  03  CO  CD  CO  CO 

CD  CO  GO  CO 

CO 

CO 

00  CO  CQ  CO 

X  o' 

CX 

CX 

O' 

o' 

XX 

o' 

XX 

CX 

CX 

CS£ 

o' 

O' 

o' 

o' 

xX 

o' 

a: 

CX 

O' 

(X  cX  CX  XX  iX  CX 

CXCXCXCX 

CX 

XX 

CX  CX  XX  CX 

D  O 

o 

o 

O 

O 

O 

O 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o  o  o  o  o 

o  o  o  o 

o 

o 

o  o  oo 

x.  U 

U. 

u 

u 

u_ 

u 

u_ 

u 

lx 

u 

u 

u 

u. 

u. 

u. 

u 

lx 

lx 

lx 

lx 

lx  lx  U  lx  lx  lx 

lx  U  lx  U 

lx 

Lx 

Lx  U  lx  lx 

H-  H- 

H 

Y- 

h- 

Y- 

h- 

1— 

Y~ 

Y- 

1- 

Y- 

J— 

1“ 

f- 

1- 

Y- 

1- 

1- 

»- 

1—  * —  f—  #—  1—  f— 

f—  1 —  ♦ — 

»- 

H- 

Y-  Y-  Y-Y- 

/)  00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00  OO  00  OO  00  00 

00  00  00  00 

00 

00 

00  00  00  00 

XJ  UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

Ul 

UJ 

Ul 

UJ 

Ul 

UJ 

Ul 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul  Ul  Ul  Ul  Ul  Ul 

UJ  UJ  UJ  UJ 

Ul 

Ul 

UJ  Ul  LU  UJ 

co  co 

CO 

CO 

03 

co 

Q3 

CO 

00 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

03 

CO 

CO 

CO  CO  CO  CD  CO  CQ 

00  CO  CO  CO 

03 

CO 

CO  CO  CO  CO 

n  to 

to 

to 

00 

V) 

W 

OO 

00 

00 

to 

00 

00 

00 

00 

to 

to 

00 

00 

oo 

to 

00  to  OO  00  00  C/5 

00  00  to  00 

00 

00 

00  00  00  00 

“* 

— * 

*“• 

*— 

*“• 

— 

— 

—• 

*-• 

•— 

t— « 

*“• 

—• 

— • 

•— 

— 

•— 

•— «  M  »— 4 

_  _  _  _ 

•— 

_  _ 

5)«5) 

G) 

s» 

G) 

G) 

Sl 

G) 

G) 

G) 

G) 

G) 

S» 

s» 

<S) 

(S) 

CS) 

<S) 

<S) 

Si 

<S) 

<S)  G)  S)  ft)  tS)  B) 

ts)  S)  ts  is) 

&) 

«S) 

CS)  tS)  )S)  IS) 

S  <s 

SI 

IS) 

G) 

cs 

G) 

G) 

G> 

G) 

G) 

G) 

G> 

G) 

o 

IS) 

ts) 

Sl 

ts 

<S) 

Sl 

&}&)&)&)  )S)  O 

<S)  tS)  <S)  CS) 

Sl 

<5) 

t)  ^  S)  es) 

SSl 

G) 

e* 

Si 

G> 

G? 

G) 

ts) 

G) 

G) 

G* 

S} 

G) 

IS) 

ts) 

Sl 

<s> 

<S) 

is? 

Sl 

(Sl  6)  B)  ^  B)  B) 

ts)  ts? 

ts) 

«S) 

tS)  is)  «S? 

N.  00 

cn 

<M 

CO 

tn 

U3 

r>> 

00 

cn 

G) 

CM 

in 

U3 

r** 

CO 

CD 

ts)  ^  cm  co  ■**  m 

ID  r*.  CO  CD 

tS) 

cm  co  in 

(NJ 

CM 

CM 

CM 

(NJ 

(\J 

CM 

CM 

CM 

oo 

CO 

CO 

oo 

oo 

00 

CO 

CO 

CO 

^  ^ 

n  n  n  ^ 

in 

in  in  u3  in  in 

:  cx  c 
I  uj  I 
1  03  < 

:  x : 

>  3 : 


:  z ; 

)  CO  C 


:  o'  < 
» O  ( 


-  K-l 
>  c/)  < 


I  CO  c 
)  C/5  ( 


i  tn 

CD 

CD 

S;  oo  oo  oo  Si 

CD 

CD 

CD 

CD 

CD 

G) 

-4  — 

CX 

CX 

CX  CXCXCXCX 

XX 

CX 

cx 

XX 

cx 

cx 

1  Ul 

UJ 

Ul 

Ul  UJ  UJ  UJ  UJ 

Ul 

UJ 

UJ 

Ul 

UJ 

Ul 

CO 

CO 

CO 

CQ  CO  CO  CO  CO 

co 

co 

CQ 

CO 

CO 

CO 

X 

X 

X 

XX  XXX 

X 

X 

X 

X 

X 

X 

3 

3 

3 

3  3  3  3  3 

3 

3 

3 

3 

3 

3 

z 

z 

2 

z  z  z  z  z 

z 

z 

z 

z 

z 

2 

z 

z 

2 

z  z  z  z  z 

z 

z 

z 

z 

z 

2 

•— « 

»— • 

•— • 

«— •  *— •  •— «  *— •  •—» 

M 

M 

*— • 

*— « 

*— « 

l  CQ 

GO 

GO 

GO  GO  GO  GQ  CO 

ca 

CO 

CO 

GO 

CO 

CQ 

CX 

CX 

cX 

DC  O'  O'  O'  O' 

cx 

oc: 

o' 

XX 

a: 

Of 

o 

o 

o 

ooooo 

o 

o 

o 

o 

o 

o 

lx 

lx 

lx 

lx  lx  lx  lx  lx 

lx 

lx 

lx 

lx 

lx 

lx 

H 

H 

1- 

HhhhK 

1- 

*- 

»- 

H* 

»- 

»- 

00 

00 

00 

oo  cn  oo  oo  oo 

00 

00 

00 

00 

00 

00 

1  UJ 

UJ 

UJ 

UJ  UJ  UJ  UJ  UJ 

UJ 

UJ 

UJ 

Ul 

Ul 

UJ 

>  CO 

CD 

03 

GO  GO  GO  CO  GO 

CO 

CO 

CD 

GO 

CD 

CO 

1  00 

00 

00 

00  00  00  00  00 

00 

00 

00 

00 

00 

cn 

1 

•— 

_l 

<S) 

ftp  ft)  ftp  ftp 

e» 

6} 

Sl 

«S) 

Sl 

ft)  ft)  ft)  ft)  ft) 

Sl 

<S) 

Sl 

Si 

tS) 

Sl 

<S) 

<s? 

ft)  ftp  ftp  ftp  ftp 

is 

Sl 

Sl 

ts) 

*54 

G) 

on 

im  co  **  in  io 

rv 

00 

CD 

«S) 

CM 

I  VO 

rx 

fv. 

r-s.  r*.  r«s.  r-  r- 

r*v 

rv 

00 

CO 

CO 

■^r 

^  ^  ^ 't  ^ 

1  — * 

•_  ^  _l  — • 

*“• 

CX 

cX 

XX 

cx  cxcxcxcx 

O' 

CX 

XX 

cx 

CX 

CX 

I  UJ 

Ul 

UJ 

UJ  UJ  Ul  Ul  Ul 

UJ 

UJ 

Ul 

Ul 

UJ 

Ul 

1  CQ 

GO 

CD 

GO  CD  CD  CO  GO 

GQ 

CO 

GO 

CD 

CO 

CO 

X 

X 

X 

X  X  X  X  X 

X 

X 

X 

X 

X 

X 

‘  3 

3 

3 

3  3  3  3  3 

3 

3 

3 

3 

3 

3 

z 

2 

2 

2  2  2  2  2 

z 

2 

2 

2 

2 

2 

1  Ui 

Ul 

Ul 

Ul  Ul  UJ  UJ  Ul 

UJ 

Ul 

Ul 

UJ 

UJ 

UJ 

> 

> 

> 

>  >  >>  > 

> 

> 

> 

> 

> 

> 

< 

< 

< 

<  <  <  <  < 

< 

< 

< 

< 

< 

< 

5 

3 

3 

3  3  3  3  3 

3 

3 

3 

3 

3 

3 

1  n  ^  ^  ^  ^  n  • 


*  cx  ai  c* 

jJ  UJ  UJ  UJ 
30  CO  03  CO 

Ezrr 

3DDD 

czzz 

ii  UJ  UJ  LxJ 
>  >  >  > 
<  <  <  < 
J35) 


o'  o' 

UJ  UJ 
03  CO 

i  x 

3  3 
Z  2 
UJ  UJ 
>  > 
<  < 
5  3 


a:  a:  or 

UJ  UJ  UJ 
00  CO  03 

zzr 

D3D 
2  2  2 
UJ  UJ  tij 
>  >  > 
<  <  < 
^  ^  ^ 


00  CO 

z  z 

3  => 
2  2 
UJ  UJ 
>  > 
<  < 
^  ZX 


o'  a: 
uj  uj 
co  co 

z  z 

3  3 
2  2 
UJ  UJ 
>  > 
<  < 
Z*  ZX 


O'  o' 
UJ  UJ 

oo  a) 

x  x 

3  3 
2  Z 
UJ  UJ 
>  > 
<  < 
ZX  :* 


or  a: 
UJ  UJ 

co  co 

z  z 

ZD  ZD 
2  2 
UJ  UJ 
>  > 
<  < 


ar  a: 

UJ  UJ 

co  co 
Z  Z 

ZD  ZD 
2  Z 
UJ  UJ 
>  > 
<  < 
5  ZX 


(X  (X 
UJ  UJ 
CO  00 

z  z 

ZD  3 
2  2 
UJ  UJ 
>  > 
<  < 
5) 


(X  CX  O' 
UJ  UJ  UJ 
00  00  CO 

zzz 

3  3  3 
2  2  2 
UJ  UJ  UJ 
>  >  > 
<  <  < 


or  or  o' 

UJ  UJ  UJ 
CO  GO  CO 

zzz 

3  3  3 
2  2  2 
UJ  lU  UJ 
>  >  > 
<  <  < 


ac  o' 
UJ  UJ 
CD  CO 

Z  Z 
3  3 
2  2 
UJ  UJ 
>  > 
<  < 


O'  <* 
UJ  UJ 
CO  CO 

z  x 

3  3 
2  2 
UJ  UJ 
>  > 
<  < 
Zx  Zx 


ac  o' 
UJ  UJ 
CO  CO 

z  x 

3  3 
2  2 
UJ  UJ 
>  > 
<  < 
^  ZX 


(X  O' 
UJ  UJ 
CO  CO 

z  x 

3  3 
2  2 
UJ  UJ 
>  > 
<  < 
Z*  ZX 


(X  XX 
U1  UJ 
CO  CO 

x  x 

3  3 
2  2 
UJ  UJ 
>  > 
<  < 
ZXZx 


O'  <x  (X 

UJ  UJ  UJ 
CO  GO  CO 

zzz 

3  3  3 
2  2  2 
UJ  UJ  UJ 
>  >  > 
<  <  < 
*ZX^ 


xX<X(X 
UJ  UJ  UJ 
CO  CO  CO 

x  x  x 

3  3  3 
2  2  2 
UJ  UJ  UJ 
>  >  > 
<<< 
^5) 


xx  ex  tX  xx 
uj  ui  UJ  UJ 
CD  CO  CO  CO 

zzzz 

3  3  3  3 
2  2  2  2 
UJ  UJ  UJ  UJ 
>  >  >  > 
<<<< 
ZXZX^ZX 


XX  XX  XX 
UJ  UJ  UJ 
GO  CO  CO 

x  x  x 

333 
2  2  2 
UI  Ul  UJ 
>  >  > 
<<< 
2X  2X  Z* 


A-27 


8 

9 

cn 

cn 

r 

8 

6) 

cn 

Sl 

r- 

r- 

CO 

<jy 

LO 

ay 

ON 

CO 

Sl 

S} 

cn 

ea 

CO 

cr* 

cn 

cn 

Sl 

CO 

00 

G) 

CO 

cc 

r- 

cn 

Si 

CD 

cn 

Sl 

cn 

cn 

CO 

Sl 

CO 

CO 

CO 

cn 

00 

cn 

si 

cn 

CO 

cn 

cn 

cn 

cn 

cn 

B} 

CD 

vo 

cn 

CD 

cn 

vD 

— * 

*"• 

— * 

*"* 

oc  oc 

Of 

of 

of  of 

Of 

Of 

of 

of 

of 

of 

of 

of 

Of 

of 

Of 

of 

Of 

of 

Of 

Of 

Of 

Of 

of 

of 

of 

of 

of 

of 

of 

of 

Of 

Of 

Of 

of 

Of 

of 

of 

Of 

Of 

of 

of 

of 

of 

of 

of 

of 

Of 

of 

of 

of 

of 

Of 

of 

of 

of 

CC 

of 

of 

of 

Of 

of 

Of 

•Jj  ill 

Ui 

Ui 

ill  Ui 

UJ 

Ul 

Ul 

Ul 

Ul 

Ul 

UJ 

UJ 

LU 

Ul 

UJ 

LU 

UJ 

LU 

UJ 

IU 

LU 

UJ 

IU 

Ul 

Ul 

UJ 

LU 

Ul 

LU 

Ul 

LU 

Ul 

LU 

LU 

UJ 

Ul 

UJ 

LU 

Ul 

LU 

UJ 

Ul 

Ul 

IU 

UJ 

ui 

UJ 

UJ 

UJ 

LU 

LU 

LU 

Ul 

UJ 

UJ 

LU 

LU 

UJ 

UJ 

LU 

ui 

LU 

CO 

CQ 

CQ  CO 

CQ 

CO 

CQ 

CQ 

CD 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CD 

CQ 

CO 

CD 

CQ 

CQ 

CD 

CO 

CD 

CD 

CO 

CO 

CQ 

CQ 

CQ 

cQ 

CQ 

CQ 

CQ 

CQ 

CD 

CQ 

CD 

no 

CO 

CQ 

CQ 

CQ 

CD 

CD 

CD 

CO 

CD 

GO 

CO 

CQ 

CQ 

CQ 

CQ 

CD 

CD 

CD 

CO 

GQ 

X  X 

X 

X 

X  X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3  zd 

3 

ZD 

3  zd 

z> 

3 

3 

3 

3 

zd 

3 

3 

3 

ro 

3 

ZD 

ZD 

3 

ZD 

ZD 

ZD 

3 

ZD 

ZD 

ZD 

ZD 

=> 

ZD 

=> 

ZD 

ZD 

ZD 

ZD 

ZD 

z> 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

z> 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

z  z 

z 

z 

z  z 

z 

z 

z 

z 

2 

z 

Z 

z 

Z 

z 

z 

Z 

Z 

z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

z 

z 

Z 

z 

z 

Z 

z 

z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

z 

Z 

Z 

z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

z  z 

z 

z 

z  z 

z 

z 

z 

z 

Z 

z 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

z 

z 

z 

z 

Z 

z 

Z 

z 

z 

z 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

z 

z 

_  ►— « 

»_ 

k— <  ►— « 

1— • 

1— • 

►_ 

*— a 

I — < 

1 — ■ 

■ — 1 

•— . 

r~* 

►— « 

•— « 

•— * 

•— « 

*— « 

•— « 

•— « 

*— « 

*— . 

•— « 

•— « 

►— » 

•— « 

•— « 

•— « 

►H 

•— i 

*— « 

*— • 

»— * 

*— • 

•— t 

•— » 

•— « 

•— • 

•— « 

•— * 

•— * 

•— « 

•— « 

«— • 

CD  CO 

CQ 

CQ 

CO  CQ 

CO 

CQ 

CQ 

CQ 

CQ 

CQ 

GQ 

CQ 

GQ 

CQ 

CQ 

CO 

CQ 

CO 

CD 

CO 

CO 

CQ 

CQ 

CQ 

CD 

CQ 

CQ 

CQ 

CQ 

CD 

CD 

CD 

CQ 

CQ 

CO 

CD 

CQ 

CD 

CO 

CO 

CQ 

CQ 

CO 

CQ 

CO 

CD 

CQ 

CD 

CD 

CD 

CD 

CD 

CQ 

CD 

CO 

CO 

CD 

CO 

CQ 

CO 

CD 

CD 

Of  Of 

Of 

Of 

Of  of 

of 

Of 

Of 

of 

Of 

Of 

Of 

Of 

Of 

Of 

Cf 

Cf 

Of 

of 

Of 

of 

Of 

Of 

Of 

Cf 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

of 

Of 

Of 

Of 

of 

of 

Of 

Of 

of 

Of 

cf 

Of 

Of 

Of 

Of 

Of 

Of 

of 

of 

Of 

Of 

Of 

Of 

Of 

CC 

oc 

Of 

Of 

OO 

O 

O 

OO 

o 

o 

O 

O 

O 

o 

o 

o 

O 

O 

O 

O 

O 

o 

O 

o 

O 

O 

o 

o 

O 

O 

o 

o 

O 

O 

O 

o 

O 

O 

O 

o 

o 

o 

o 

o 

O 

O 

o 

O 

o 

o 

O 

O 

O 

o 

o 

O 

O 

O 

O 

o 

O 

o 

O 

o 

O 

o 

u.  u. 

Li- 

it. 

Li-  ll_ 

u. 

u. 

u_ 

U- 

U_ 

u. 

U_ 

u_ 

u_ 

u_ 

u_ 

u_ 

Li_ 

Li- 

Li- 

u_ 

Li- 

Li- 

U- 

Li- 

U- 

li- 

Li- 

Li- 

U- 

U- 

U- 

Li- 

li- 

Li- 

Li- 

u_ 

u. 

u_ 

U. 

U_ 

U_ 

Li- 

Li_ 

li 

u. 

U_ 

U- 

U- 

U- 

u_ 

Li- 

u_ 

U- 

U- 

U- 

U- 

Li- 

Lu 

U- 

li- 

Li- 

u. 

»- 

1- 

HI- 

K 

1- 

t- 

1- 

1- 

1- 

*- 

1- 

1- 

*- 

1- 

1- 

1- 

b~ 

b~ 

1- 

1- 

b~ 

1” 

b~ 

J- 

1“ 

h- 

b- 

b~ 

l- 

h- 

»- 

f— 

1- 

h- 

i- 

1- 

1- 

h* 

1- 

h~ 

I- 

1- 

y~ 

b- 

b~ 

1- 

I- 

1- 

1- 

b- 

b- 

b~ 

b~ 

1- 

b- 

b- 

cn  cn 

00 

00 

00  00 

00 

00 

00 

00 

OO 

00 

00 

00 

00 

00 

00 

00 

00 

OO 

00 

00 

00 

00 

00 

00 

00 

cn 

00 

00 

00 

cn 

00 

00 

cn 

00 

00 

OO 

00 

00 

00 

cn 

00 

00 

00 

00 

00 

cn 

cn 

00 

00 

00 

cn 

00 

00 

00 

cn 

cn 

00 

cn 

cn 

00 

cn 

cn 

Ul  111 

f\J 

111 

Ul  UJ 

UJ 

UJ 

Ui 

LU 

LU 

UJ 

LU 

Ul 

Ul 

UJ 

Ul 

LU 

LU 

LU 

IU 

Ul 

Ul 

UJ 

UJ 

Ul 

UJ 

LU 

LU 

UJ 

UJ 

LU 

Ul 

LU 

UJ 

Ul 

LU 

Ul 

LU 

IU 

UJ 

Ul 

LU 

UJ 

UJ 

LU 

Ul 

IU 

UJ 

UJ 

Ul 

Ul 

UJ 

Ul 

UJ 

Ui 

Ul 

Ul 

Ul 

UJ 

Ul 

UJ 

UJ 

Ul 

til 

ui 

CD 

CQ  CQ 

CQ 

CQ 

CO 

CD 

CQ 

CO 

CQ 

CO 

CQ 

IQ 

CO 

CQ 

CQ 

CQ 

CO 

CQ 

CD 

CQ 

CQ 

CQ 

CQ 

00 

CO 

CD 

CQ 

CD 

CC 

CD 

CD 

CD 

CQ 

GQ 

CD 

CQ 

CQ 

GQ 

CQ 

GQ 

GQ 

CO 

CQ 

CD 

CD 

CO 

CD 

CD 

CO 

CQ 

CD 

CO 

CQ 

CD 

CQ 

CQ 

CD 

GQ 

GQ 

CD 

00  00 

00 

00 

00  00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

'/) 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

cn 

00 

cn 

00 

cn 

cn 

00 

00 

00 

cn 

00 

00 

cn 

00 

cn 

00 

00 

cn 

00 

cn 

cn 

cn 

00 

00 

00 

cn 

00 

cn 

cn 

*— 

— • 

— 

*-• 

*— 

•— 

— • 

*— 

*— 

— ■ 

*-• 

— 

— 

— 

— 

*— 

*— 

•— 

*— 

•— 

— 

*-* 

*— 

*“• 

•— 

— 

— 

*— 

•“* 

*“• 

*“• 

•— 

■— 

•“* 

*-* 

«l  CQ 

to 

S} 

tsj 

ts> 

C9 

Si 

S) 

S) 

Si 

si 

si 

Si 

Si 

Sl 

Sl 

Sl 

Sl 

Sl 

«s 

Sl 

Sl 

Sl 

G) 

Sl 

Sl 

Si 

Sl 

si 

Sl 

Sl 

Sj 

Sl 

SJ 

s? 

Si 

Sl 

Sl 

Sl 

Sl 

s> 

Sl 

Sl 

si 

si 

Si 

Sl 

Sl 

Si 

si 

6> 

Sl 

tsi 

Sl 

Sl 

Sl 

S} 

Si 

Si 

Sl 

sisi 

Sl 

ts» 

«}  6} 

<S) 

Si 

*S) 

si 

s> 

S) 

Si 

S) 

S} 

Si 

Si 

Sl 

G) 

Gl 

si 

Si 

si 

S} 

S) 

SI 

Sl 

Sl 

Sl 

Si 

Si 

si 

si 

Sl 

s? 

Sl 

GJ 

G> 

Sl 

s 

Sl 

Sl 

Sl 

Sl 

Sl 

Sl 

si 

Sl 

Si 

Sl 

Sl 

Sl 

SI 

Si 

Sl 

Gl 

Sl 

si 

Sl 

si 

Sl 

Sl 

Sl 

gjGi 

«a 

Sl 

«SB> 

Sl 

Si 

Sl 

Si 

Si 

Si 

si 

Si 

si 

Sl 

si 

Si 

Si 

Sl 

si 

S) 

SI 

S) 

Sl 

Si 

Sl 

S5 

G> 

Si 

Sl 

si 

Sl 

Sl 

Sl 

s? 

Gl 

Sl 

Si 

Si 

Sl 

Si 

Sl 

Si 

Sl 

Sl 

s? 

Sl 

Sl 

Sl 

Sl 

Si 

Sl 

SI 

Sl 

Sl 

Gl 

Sl 

SI 

Sl 

Sl 

Si 

s? 

Sl 

ro  •* 

in 

VO 

co 

cn 

t» 

_ 

CM 

00 

■^r 

If) 

ID 

rv. 

00 

cn 

CM 

CO 

■**■ 

in 

VO 

r- 

CO 

cn 

Sl 

CM 

CO 

in 

ID 

1^> 

cn 

Si 

CM 

ro 

in 

ID 

f"- 

CO 

cn 

Sl 

CM 

ro 

in 

VO 

r- 

CD 

cn 

Si 

CM 

ro 

-*» 

in 

VO 

CO 

cn 

CO  CD 

00 

00 

CO  00 

CO 

cn 

cn 

CT> 

cn 

ay 

cn 

cn 

cn 

ay 

cn 

si 

Sl 

Si 

Sl 

si 

S) 

Sl 

Sl 

ta 

— • 

— « 

—• 

— « 

— • 

— « 

(M 

(M 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

ro 

ro 

CO 

ro 

ro 

ro 

ro 

CO 

ro 

■^r 

rr 

M 

^  *«r 

•*r 

•^r 

** 

*« » 

tn 

tn 

in 

in 

in 

If) 

to 

If) 

in 

in 

in 

in 

m 

in 

in 

m 

in 

in 

in 

in 

in 

in 

in 

If) 

LO 

if) 

in 

in 

in 

if) 

If) 

in 

in 

in 

in 

in 

in 

in 

if) 

in 

in 

m 

m 

in 

in 

m 

in 

— •  — • 

—*  — « 

— • 

— • 

— 

— 

— • 

— « 

— • 

— • 

— • 

*— < 

— * 

— • 

— 1 1 

— • 

— « 

— * 

— • 

— • 

— « 

— • 

— < 

«— • 

—« 

— - 

— • 

— « 

— • 

— « 

»-• 

— 

— < 

*-* 

—• 

— « 

— • 

— • 

—• 

of  Of 

of 

of 

of 

of 

Of 

Of 

Of 

Of 

Of 

of 

Of 

Of 

Of 

Of 

of 

of 

Of 

of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

of 

Of 

Of 

Otf 

Of 

Of 

Of 

oC 

Of 

Of 

of 

of 

Of 

Of 

Of 

of 

Of 

Of 

Of 

of 

of 

of 

oc 

of 

of 

of 

Of 

Of 

of 

Of 

of 

Of 

of 

cc 

Of 

oc 

Of 

UJ  UJ 

UJ 

LU 

LU 

UJ 

LU 

LU 

UJ 

UJ 

UJ 

IU 

LU 

UJ 

LU 

UJ 

UJ 

LU 

UJ 

UJ 

LU 

LU 

Ul 

UJ 

Ul 

LU 

Ul 

Ul 

UJ 

Ul 

Ul 

LU 

UJ 

LU 

LU 

LU 

UJ 

LU 

Ul 

UJ 

UJ 

UJ 

Ul 

LU 

UJ 

LU 

LU 

Ul 

LU 

Ul 

Ui 

Ul 

LU 

LU 

UJ 

UJ 

LU 

LU 

UJ 

Ul 

UJ 

LU 

UJ 

LU 

CQ  CQ 

CD 

CQ 

CQ 

CQ 

CQ 

GO 

GO 

CO 

CQ 

CQ 

CD 

CQ 

CO 

CO 

GQ 

CQ 

GO 

CQ 

CO 

CO 

00 

CQ 

CQ 

CD 

CO 

CD 

CQ 

CQ 

CO 

CO 

cQ 

CQ 

CO 

CD 

CD 

CQ 

CD 

CD 

CO 

CQ 

CO 

GQ 

CD 

CQ 

CO 

CO 

CO 

CD 

GQ 

CQ 

CD 

CQ 

CQ 

CQ 

CO 

GQ 

GQ 

CQ 

CO 

CO 

CO 

CD 

X  X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

^r 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3  Z> 

3 

3 

3 

3 

3 

3 

ZD 

3 

ZD 

3 

3 

3 

3 

ZD 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

ZD 

3 

3 

3 

3 

3 

ZD 

3 

ZD 

ZD 

3 

3 

3 

ZD 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

ZD 

z  z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

LU  LU 

Ul 

Ul 

Ul 

Ul 

LU 

UJ 

LU 

Ui 

Ul 

UJ 

LU 

UJ 

UJ 

LU 

Ul 

LU 

Ul 

LU 

UJ 

Ul 

UJ 

LU 

UJ 

UJ 

Ul 

UJ 

Ul 

LU 

Ul 

LU 

Ul 

UJ 

Ul 

LU 

LU 

LU 

UJ 

Ui 

LU 

UJ 

UJ 

UJ 

Ul 

UJ 

Ul 

UJ 

Ul 

LU 

UJ 

Ul 

LU 

LU 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

Ul 

UJ 

UJ 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

<< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

:* 

5 

5 

> 

15 

5 

5 

z* 

zx 

zx 

5 

Zt 

ZX 

Zx 

Zx 

Zx 

Zx 

ZX 

Zx 

Zx 

Zx 

3 

A-28 


I 


ol  o' 
m  LU 
co  co 
Z  Z 

3  3 


O'  cc 

o  o 


a'a'a'cC 

Ul  UJ  Ul  LU 
CO  CO  CO  GO 

X  X  X  X 

3  3  3  3 


IZZ2Z 
J  CO  CO  CO  GO 


O'  O'  O'  O' 

OOOO 


o'  o'  o'  a: 
LU  UJ  LU  UJ 
CO  CO  CO  CO 

2ZZZZ 

3  3  3  3 

z  z  z  z 
z  z  z  z 

CO  CO  CO  CO 

cd  o'  a:  o£ 
OOOO 


O'  O'  O' 
LU  LU  LU 
CO  CO  CO 

x  x  x 

333 


z  z  z 

CO  CO  CQ 


o'  o'  o£ 

000 


Of  O'  t 
LU  UJ  l 
CO  CO  ( 

ri 
3  o 
z  z 

z  z ; 

CO  CO  f 
O'  o'  c 

o  o  < 


:  o'  a:  a:  o' 

J  LU  LU  LU  LU 
1  CO  CO  CO  CO 

:zzzz 

>3333 

:zzzz 

:  z  z  z  z 

)  CQ  GO  CO  CO 

:  o'  o'  a:  ei 

•  OOOO 


UJ  LU  LU  UJ 
CO  CO  CO  CO 

rziz 

3  3  3  3 


ZZZZ 

CO  CO  CD  CO 

o:  a:  o'  o' 
OOOO 


Lz.ix.cr.cccnaicx.ai 
UJ  LU  LU  LU  LU  UJ  LU  LU 
COcOCOCOcQoOCOcO 
IIIIIIIZ 
=>=>333333 
ZZZZZZZZ 

zzzzzzzz 

CQ  CO  CQ  CQ  CO  CO  CO  CO 
Q'O'Q'O'OiQ'Qie: 

00000000 


I—  I—  t 
00  00  ( 
UJ  UJ  I 
CO  00  < 


■I —  H  H  I — 

I  00  00  00  00 

I  LU  UJ  LU  LU 
I  CO  CO  CQ  CO 


•  • —  * —  *“  I —  I —  > —  ^ —  t —  I —  I —  f—  t —  I —  I —  I —  > — -  f —  I —  I—  I—  ♦ —  >—  I —  H- 

t/jc/>oooooo(/)oocooooooooooooo</M/)oooooooooooo(/>ooooooc/> 

LULJLULULULULUUJLULUUJLULULULULULULULUUJLUUJUJUJLUUJLU 

COCOCOCOCOCOCOCOCOGOQOCOCOCOCOCOGOCOCOCOCOCOCOCQCOCOCO 


U-  M-  **-  U.  Li-  u.  u.  u. 

LULULULULULULULULULU 

COCQCOCOCOCOOQCOCOCO 

rrrzixiirz 

3333333333 

zzzzzzzzzz 

zzzzzzzzzz 

*—*  •— <  •— •  •— 4  •— «  *— * 

CC  CO  CQ  QO  CO  CQ  CO  CO  GO  CO 

Q'C'O'O'Q'CtfQ^O'Q'O' 

OOOOOOOOOO 

Ll.  Li_  Li_  Li_  Li_  U_  Li-  Li-  Li_  Ll. 

hhhhhhhl-hh 

oooooooooooooooooooi 

LUU-JLULULULULUUJUJLU 

COCOCOGOCOCOCOCOCOCO 


o'aLalaLQLa'a'aLaLaLaLalalaLaLaLaialaLa: 

LULULULULULULULULULULULULULUUJLUUJLUUJUJ 

cococococococococococococOGOcococococaco 

ziiziiuzzriizirzzii 

33333333333333333333 

zzzzzzzzzzzzzzzzzzzz 

zzzzzzzzzzzzzzzzzzzz 

cogqcococococogococococococococococococo 

0LctLa!.cCQCaL&.ata:aCtticCQCa!.atcCaL<~LccaL 

00000000000000000000 

U.  L*_  Ll.  U_  U.  Ll.  Ll.  Ll.  li_  U_  Ll.  Ll.  U_  Ll.  Ll.  U_  U_  Ll.  Li_  U_ 

I—  I—  I—  » —  I— *— »— f—  I— »—  I—  |_|— 

(/)(/)OOCO(/lt/>(/>(/)LOOOC/)C/>C/)(/)C/)C/)(/l(/>C/)</) 
LU  UJ  LU  LU  UJ  LU  LU  LU  UJ  LU  LU  LU  UJ  UJ  LU  UJ  LU  UJ  UJ  UJ 
COCOCOCOCOCOCOCQCOCOCOCOCOCOCOOCICOCOCOCO 


— 

fSJ 

CO 

in 

LO 

CO 

CT> 

<5> 

<NJ 

r> 

-«» 

in 

LO 

r*. 

CO 

cn 

(VJ 

03 

in 

LO 

0- 

CO 

<T» 

—  tNJ 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

LO 

ID 

ID 

lO 

10 

10 

LO 

LO 

LO 

LO 

IN. 

fN 

rN 

l-N 

fN 

fN 

0- 

fN 

fN 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

LO 

in 

in 

in 

m 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in  in  in 

— 

*■“ 1 

*"■* 

■  ’ 

•“* 

*■“* 

— • 

•“« 

— * 

— • 

— 

— 

—  — 

OC 

o' 

o' 

O' 

O' 

O' 

ce: 

o' 

o' 

o' 

O' 

O' 

o' 

a: 

O' 

o' 

oc 

O' 

o' 

o' 

ol 

0: 

o' 

u: 

o' 

o' 

o' 

a: 

o' 

o' 

o' 

OL  QL 

Ul 

Ul 

Ul 

Ul 

LU 

UJ 

LU 

UJ 

LU 

UJ 

Ul 

LU 

UJ 

Ul 

UJ 

Ul 

UJ 

UJ 

Ul 

ul 

LU 

UJ 

UJ 

LU 

UJ 

Ul 

LU 

UJ 

co 

co 

CO 

00 

00 

CO 

GO 

CO 

CO 

co 

CO 

CO 

co 

CO 

CO 

CO 

CO 

co 

co 

CO 

03 

co 

CQ 

CQ 

CO 

CO 

CO 

co 

CO 

CO 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X  X 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

Z 

z 

Z 

Z 

z 

z 

z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

z 

z  z 

LU 

LU 

LU 

Ul 

LU 

Ul 

LU 

LU 

LU 

UJ 

Ul 

UJ 

UJ 

LU 

UJ 

LU 

LU 

LU 

LU 

LU 

Ul 

Ul 

LU 

LU 

UJ 

UJ 

Ul 

LU 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  > 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

<  < 

> 

5 

5 

J 

:* 

5 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

5 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

'(Njn^mvDNCDcn 


a:  a:  a: 

UJ  LU  LU 
CO  CO  CO 

ZZZ 

3  3  3 

z  z  z 

LU  UJ  UJ 
>  >  > 
<  <  < 
^  ^  ^ 


O'  o' 
UJ  UJ 
CO  00 

z  z 

3  3 

z  z 

LU  LU 
>  > 
<  < 
5  > 


O'  QL 
LU  LU 
CO  co 

z  z 

3  3 

z  z 

LU  UJ 
>  > 
<< 


a:  oc  o'  a: 

LU  UJ  UJ  UJ 
GO  CO  CO  CO 

ZZZZ 
3  3  3  3 
ZZZZ 
LU  UJ  LU  LU 
>  >  >  > 
<  <  <  < 


O'  QL  O' 
UJ  UJ  UJ 
CO  CO  CO 

zzz 

3  3  3 
ZZZ 
UJ  UJ  LU 
>  >  > 
<  <  < 


o'  o:  o' 
uj  lu  uj 
co  m  co 
ZZZ 
333 
zzz 

UJ  UJ  UJ 
>  >  > 
<  <c  < 


q:  a:  a: 

LU  UJ  UJ 
CO  CO  CO 

2: 2: 2: 

3  3  3 
ZZZ 
UJ  LU  LU 
>  >  > 
<  <  < 


o'  a:  o'  a: 

UJ  Ul  UJ  LU 
GO  CO  CO  GO 

ZZZZ 
3  3  3  3 
ZZZZ 
LU  LU  UJ  LU 
>  >  >  > 
<  <  <  < 


O'  o' 
LU  LU 
CO  CO 

2:  X 

3  3 
Z  Z 
UJ  LU 
>  > 
<  < 


o'  o'  oc  o'  oc 

iii  tii  iii  in  t»i 

CO  CO  CQ  CO  CO 

X  X  X  X  X 

3  3  3  3  3 

z  z  z  z  z 

til  LU  til  1.1  til 
>  >  >  >  > 
<  <  <  <  < 


A-29 


a> 

CO 

CO 

59 

cn 

cn 

cn 

VO 

ca 

00 

vo 

00 

CO 

r- 

vo 

«s 

«9 

"M- 

cn 

r>. 

VO 

cn 

VO 

cn 

r* 

IS) 

59 

cn 

GO 

vo 

on 

59 

r- 

cn 

cn 

01 

00 

cn 

cn 

CO 

CD 

CO 

cn 

*9 

r- 

01 

59 

cn 

CD 

<0 

cn 

n- 

CD 

cn 

on 

CD 

CD 

<9 

— • 

— • 

CZ 

o' 

0 c 

ar 

cz 

CZ 

cZ 

aT 

a: 

cz 

CZ 

cz 

cz 

cz 

CZ 

o' 

cz 

cZ 

of 

CZ 

cz 

cz 

cz 

ar 

CZ 

cz 

or' 

CZ 

cz 

o' 

cz 

or 

cz 

or 

cz 

cz 

or 

or 

or 

or 

or 

or 

cz 

or 

cz 

ar 

ar 

ar 

ar 

ar 

ar 

ar 

ar 

cz 

CZ 

ar 

ar 

ar 

ar 

ar 

ar 

or 

ar 

ar 

OJ 

llJ 

Ui 

ill 

UJ 

Ui 

Ul 

Ul 

UJ 

UJ 

ui 

UJ 

Ui 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

Ui 

UJ 

UJ 

ill 

LU 

UJ 

Ul 

Ul 

UJ 

UJ 

Ul 

ill 

UJ 

Ul 

Ul 

UJ 

Ul 

Ul 

Ul 

UJ 

UJ 

UJ 

UJ 

ill 

Ul 

UJ 

UJ 

UJ 

LU 

UJ 

UJ 

UJ 

UJ 

UJ 

LU 

Ul 

Ul 

UJ 

LU 

LU 

LU 

Ul 

LU 

UJ 

UJ 

tjQ 

CD 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CD 

CD 

CO 

CO 

CO 

CO 

ca 

CO 

CO 

CD 

CO 

ca 

CD 

ca 

CO 

ca 

CO 

CO 

CD 

CD 

CO 

ca 

CO 

CD 

CD 

CO 

CD 

ca 

ca 

ca 

ca 

CQ 

CD 

CD 

ca 

CD 

cn 

ca 

CD 

CO 

CD 

CD 

CD 

CO 

CD 

ca 

co 

ca 

CQ 

CD 

CD 

co 

CD 

co 

CD 

X 

X 

3: 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

*—» 

4—4 

*<4 

4— • 

4—4 

t-4 

4—4 

•— * 

4—4 

#— a 

4—4 

4— 4 

4—4 

»— 1 

4—4 

4—4 

44 

4—4 

4-4 

4-4 

*—* 

4—4 

►4 

4—4 

•— * 

4—4 

4-^ 

4—4 

4-^ 

4-« 

4—4 

4—4 

*— 4 

4—4 

*— 4 

4-4 

4—4 

4-^ 

4-^ 

4—4 

44 

4-4 

4-4 

4—4 

4-4 

4-4 

•-4 

4—4 

4—4 

4-4 

4-4 

4-4 

4—4 

•-4 

4—4 

44 

•—« 

4-4 

•—4 

ca 

CO 

CO 

00 

CD 

CD 

CD 

CO 

00 

00 

CO 

CD 

CD 

CO 

00 

CO 

CD 

CD 

ca 

CO 

CD 

CO 

CD 

ca 

00 

CO 

ca 

ca 

CD 

CD 

CO 

CD 

CD 

CO 

CO 

CO 

ca 

ca 

CQ 

ca 

ca 

CO 

GO 

CO 

CO 

ca 

ca 

CD 

CD 

CD 

CD 

CO 

ca 

CD 

CO 

CD 

CD 

CQ 

ca 

CQ 

CD 

CQ 

CO 

CD 

oz 

O' 

OZ 

or 

o' 

cz 

cz 

o' 

a: 

cz 

CZ 

a£ 

a: 

CZ 

CZ 

a: 

CZ 

cZ 

a: 

ar 

cz 

0£ 

aT 

o' 

ar 

cz 

cz 

c* 

O' 

o' 

O' 

or 

or 

CZ 

or 

O' 

or 

or 

or 

or 

or 

or 

cZ 

or 

ar 

ar 

ar 

CZ 

ar 

ar 

or 

CZ 

ar 

CZ 

ar 

or 

CZ 

or 

or 

ar 

aT 

or 

cz 

or 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 

0 

0 

0 

0 

O 

O 

O 

0 

0 

O 

0 

O 

O 

O 

O 

0 

O 

u. 

u. 

u. 

Li- 

u. 

U- 

U- 

u. 

u_ 

u_ 

u. 

u_ 

Li- 

u. 

u. 

U- 

u. 

Lu 

U- 

u_ 

u_ 

u_ 

u. 

u_ 

u_ 

U- 

u_ 

u. 

u_ 

li_ 

U- 

u. 

u. 

U- 

u_ 

U- 

u. 

Li- 

u_ 

u_ 

U- 

Li- 

Li- 

Li- 

u. 

U- 

Li- 

Li- 

Li— 

Li- 

U- 

Li- 

u_ 

Li- 

u_ 

U- 

U- 

Lu 

Lu 

li- 

lu. 

Lu 

Lu 

Lu 

I~ 

b- 

»- 

1- 

t— 

*- 

h- 

»- 

b- 

h- 

1- 

h- 

I- 

1- 

f- 

h- 

1- 

1- 

h- 

1- 

h- 

1“ 

1- 

1- 

I- 

h 

b- 

h- 

H- 

1- 

f- 

1- 

»- 

H 

h* 

»- 

1- 

1- 

1- 

»- 

f~ 

b- 

1- 

1- 

1- 

1- 

1- 

1- 

H 

»- 

b~ 

h- 

b- 

1- 

b- 

b - 

K- 

b~ 

b~ 

1- 

GO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

tn 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

tn 

00 

00 

00 

OO 

00 

tn 

00 

00 

tn 

00 

tn 

00 

00 

00 

00 

00 

Ul 

Iii 

Ul 

Ui 

UJ 

ui 

Ul 

UJ 

Ui 

UJ 

Ul 

Ul 

Ui 

Ul 

UJ 

Ul 

Ul 

Ul 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

Ul 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

to 

UJ 

UJ 

Ul 

Ul 

Ul 

Ul 

Ul 

UJ 

UJ 

m 

UJ 

UJ 

UJ 

ui 

UJ 

Ul 

UJ 

Ul 

in 

UJ 

Ul 

Ul 

Ul 

Ul 

UJ 

LU 

CO 

co 

CO 

CO 

CO 

CD 

CD 

CD 

CO 

CD 

CO 

CO 

GO 

CO 

ca 

CO 

CO 

CD 

CD 

CO 

CO 

CD 

CO 

ca 

CO 

CD 

CO 

CD 

CO 

CD 

CO 

CO 

CD 

CD 

CD 

ca 

CQ 

00 

CO 

CO 

ca 

ca 

CD 

CQ 

ca 

ca 

ca 

ca 

ca 

CD 

CQ 

ca 

CO 

CO 

CD 

CD 

CD 

ca 

CD 

CQ 

CD 

ca 

CQ 

ca 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

01 

00 

00 

00 

00 

00 

00 

00 

00 

in 

00 

tn 

00 

00 

00 

00 

00 

00 

tn 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

OO 

00 

00 

00 

00 

•"4 

•“* 

*— 

•— 

*— 

— 

** 

— 

— 

•— 

— 

►-4 

•— 

— * 

*— 

*-• 

— * 

—4 

*— 

— * 

*-4 

*— 

*“• 

*— 

*■"* 

*~4 

*— 

*— 4 

*— 

•— 

*-• 

4-4 

—4 

*— 

•— 

— ■ 

—4 

•— 

— 

*-« 

*“• 

4-4 

— 

*— 

6» 

59 

<9 

<9 

ts) 

59 

<9 

«9 

*9 

<9 

<s> 

<9 

<9 

*9 

59 

*9 

59 

59 

Is) 

59 

59 

59 

59 

<9 

59 

IS) 

59 

59 

IS) 

59 

59 

59 

59 

59 

59 

59 

<9 

59 

59 

59 

59 

0 

59 

<9 

59 

«9 

«9 

59 

59 

5} 

59 

O 

IS) 

IS) 

<9 

59 

59 

59 

59 

<9 

*0 

59 

s> 

*9 

59 

6} 

<9 

<9 

59 

0 

<9 

0 

59 

<9 

<9 

6) 

«9 

59 

59 

<s 

IS) 

&> 

E> 

S) 

6) 

59 

<9 

59 

<9 

«) 

59 

19 

59 

IS) 

6) 

59 

IS) 

59 

6) 

59 

59 

59 

59 

59 

IS) 

59 

<9 

59 

IS! 

<9 

59 

59 

<9 

59 

6) 

59 

59 

6> 

59 

IS) 

«s> 

<s> 

<9 

«s> 

<9 

<9 

<9 

<9 

<9 

<9 

<s> 

<9 

<9 

<9 

59 

59 

<9 

<9 

<s 

<9 

59 

59 

59 

59 

C9 

59 

IS) 

IS) 

Is) 

59 

K> 

59 

IS) 

59 

59 

59 

59 

59 

59 

59 

IS) 

59 

59 

«9 

59 

59 

59 

59 

59 

59 

<9 

59 

59 

59 

59 

S) 

59 

IS) 

<9 

59 

«9 

59 

59 

«» 

44 

CM 

CO 

Ul 

vo 

r- 

CO 

cn 

<9 

^4 

CM 

CO 

tn 

vo 

f- 

CO 

cn 

59 

— 

CM 

CO 

Ul 

vo 

Cs. 

CD 

cn 

59 

(M 

ca 

Ul 

vo 

CO 

cn 

59 

-4 

CM 

m 

ui 

vo 

CD 

cn 

59 

CM 

CO 

-t* 

Ul 

VO 

00 

on 

<9 

__ 

CM 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

•*r 

"M- 

■">* 

"«* 

■M 

4* 

■^r 

’’J 

Ul 

Ul 

vn 

Ul 

Ul 

Ul 

Ul 

Ul 

Ul 

Ul 

vo 

vo 

vo 

vo 

VO 

vO 

VO 

vo 

VO 

vo 

r- 

rv 

rs. 

Is- 

r- 

r- 

CO 

CD 

CQ 

CD 

CQ 

VO 

vo 

VJO 

VO 

VO 

vo 

vo 

vO 

vo 

vo 

vo 

vo 

vO 

VO 

vo 

vo 

VO 

vo 

VO 

VO 

vo 

vo 

vo 

vo 

vo 

vO 

vo 

VO 

vo 

VjO 

to 

VO 

VO 

vo 

vo 

vO 

vo 

VO 

vo 

vo 

vO 

vo 

VO 

VD 

VO 

vO 

vo 

vo 

VO 

vo 

VO 

vo 

VO 

vo 

vo 

VO 

VO 

VO 

vo 

VO 

lO 

VO 

VD 

VO 

«— • 

— • 

44 

44 

44 

44 

44 

44 

— • 

-4 

44 

44 

—4 

44 

44 

44 

44 

44 

4- ■ 

44 

~-4 

— • 

44 

44 

44 

44 

44 

- - 

—4 

—4 

—• 

^-4 

— 

—4 

— • 

—4 

--4 

—• 

—4 

— • 

^4 

—« 

-4 

—4 

—• 

4-4 

—• 

—4 

— 4 

— 

-4 

-4 

-4 

-4 

44 

44 

~4 

—4 

44 

or 

ar 

ar 

ar 

or 

ar 

cz 

aT 

ar 

ar 

ar 

ar 

ar 

or 

ar 

ar 

ar 

CZ 

o' 

cz 

ar 

ar 

ar 

ar 

ar 

or 

ar 

cz 

ar 

ar 

ar 

cz 

ar 

ar 

ar 

ar 

ar 

cz 

cz 

cz 

ar 

ar 

ar 

cz 

ar 

CZ 

cz 

CZ 

ar 

CZ 

ar 

CZ 

cz 

ar 

ar 

CZ 

ar 

ar 

cz 

cz 

cZ 

cz 

ar 

oz 

UJ 

LU 

UJ 

UJ 

UJ 

LU 

UJ 

UJ 

UJ 

LU 

UJ 

UJ 

LU 

LU 

LU 

Ui 

LU 

Ui 

LU 

Ui 

UJ 

ui 

UJ 

ui 

Ui 

Ul 

UJ 

UJ 

Ul 

LU 

Ul 

LU 

Ul 

UJ 

UJ 

UJ 

UJ 

Ul 

LU 

LU 

UJ 

LU 

LU 

UJ 

UJ 

Ul 

UJ 

LU 

UJ 

Ul 

Ul 

LU 

UJ 

Ul 

UJ 

Ul 

LU 

UJ 

UJ 

UJ 

Ui 

Ul 

UJ 

UJ 

ca 

CO 

CD 

CD 

CD 

OQ 

CD 

CO 

CD 

ca 

co 

CQ 

a) 

CQ 

CD 

CQ 

CQ 

CD 

OQ 

ca 

CD 

CQ 

CO 

CD 

ca 

co 

00 

CO 

ca 

co 

co 

00 

ca 

co 

ca 

co 

ca 

CQ 

CD 

CQ 

CO 

CD 

ca 

CO 

co 

CD 

CO 

CD 

00 

CD 

CQ 

ca 

CQ 

ca 

CO 

CD 

CO 

CD 

CO 

CD 

CO 

CD 

ca 

CD 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

z 

Z 

Z 

z 

Z 

z 

Z 

Z 

Z 

UJ 

UJ 

UJ 

UJ 

UJ 

LU 

LU 

UJ 

UJ 

UJ 

UJ 

UJ 

ui 

Ui 

Ui 

LU 

Ui 

Ui 

ui 

Ui 

UJ 

LU 

Ui 

LU 

Ul 

Ui 

Ui 

LU 

Ul 

LU 

IU 

Ul 

Ul 

LU 

LU 

LU 

LU 

Ul 

Ul 

Ul 

UJ 

LU 

Ul 

LU 

LU 

Ui 

Ul 

LU 

Ul 

LU 

Ul 

LU 

UJ 

UJ 

Ul 

Ul 

LU 

LU 

Ul 

UJ 

UJ 

LU 

UJ 

UJ 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

:* 

y- 

y 

:* 

y 

y 

y 

y 

y 

y 

y 

y 

> 

> 

y 

y 

y 

y 

y 

y 

:* 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

A-30 


WAVENUMBER  1685.000  IS  BEST  FOR  BIN  NUMBER 


CO 

rs 

CO 

CO 

cn 

r*- 

cn 

00 

CO 

CO 

vo 

CO 

CO 

CO 

cn 

cn 

cn 

p- 

CO 

cn 

CO 

VO 

cn 

co 

00 

CD 

cn 

cn 

co 

(si 

CD 

CO 

CO 

in 

VQ 

:  a! 

an 

O' 

on 

Od 

an 

an 

an 

an 

al 

cc: 

ad 

an 

an 

an 

ad 

ad 

an 

an 

an 

an 

an 

an 

a: 

ad 

an 

ad 

ad 

an 

an 

ad 

an 

an 

an 

ad 

ad 

an 

1  Ul 

LU 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

Ul 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

Ul 

Ul 

1  CD 

CO 

CO 

co 

CO 

CO 

CO 

ca 

CO 

CQ 

oa 

CO 

CO 

CO 

CO 

CO 

GO 

CO 

CO 

CO 

CO 

co 

co 

GO 

GO 

co 

CO 

co 

co 

CO 

CO 

00 

CO 

CQ 

GO 

CO 

CQ 

Z 

X 

3: 

X 

X 

X 

2: 

X 

2: 

21 

X 

21 

21 

X 

2: 

21 

21 

2: 

X 

2: 

2! 

2: 

X 

Jl. 

21 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

•  3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

=> 

3 

O 

3 

ZD 

3 

=3 

ZD 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

:  z 

Z 

z 

z 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

Z 

z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

:  z 

z 

z 

z 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

z 

z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

i  *— • 

*— • 

*— < 

•— • 

•— « 

*— * 

*— « 

•-« 

*— • 

•— « 

*— < 

*— « 

VH 

•— « 

•H 

*— • 

►— * 

«— » 

►— < 

*— « 

*— « 

•— « 

•— € 

*— « 

•— « 

*— * 

*-< 

•— « 

•—» 

*—» 

*— » 

•—* 

•— « 

1  CO 

CQ 

CO 

CO 

CO 

CO 

CO 

CO 

GO 

CO 

CO 

CO 

00 

CO 

CO 

GO 

00 

GO 

GO 

CO 

CO 

GO 

CO 

CO 

CO 

00 

CQ 

CO 

GO 

CO 

CO 

00 

CO 

CO 

CQ 

00 

CO 

:  an 

a; 

a: 

ad 

a£ 

ad 

o' 

ol 

ad 

a: 

o' 

o' 

a; 

Od 

ad 

O' 

of 

an 

an 

ad 

Of 

ad 

ad 

a: 

a: 

0^ 

Cl 

an 

Ol 

01 

an 

an 

an 

an 

ad 

an 

cc 

o 

O 

O 

o 

O 

O 

O 

o 

O 

O 

0 

O 

O 

0 

O 

O 

0 

0 

O 

O 

0 

O 

0 

0 

O 

0 

O 

O 

O 

0 

O 

O 

O 

O 

O 

O 

O 

.  u_ 

u. 

u. 

U- 

u_ 

Li_ 

u_ 

U. 

u_ 

u 

u_ 

u_ 

u_ 

U. 

u. 

U_ 

Ul 

u 

u_ 

u 

U- 

u 

u. 

u. 

u_ 

U_ 

u 

u_ 

Li_ 

u_ 

Ul 

U. 

u_ 

u 

u_ 

Ul 

u 

K 

1- 

I- 

l- 

H 

1- 

1- 

I- 

1- 

1- 

1- 

h- 

1- 

»- 

\- 

1- 

Y- 

h- 

h- 

H 

»- 

»- 

K 

I- 

1- 

l~ 

h- 

1- 

H- 

1- 

»- 

h- 

h* 

H 

K 

i  00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

to 

00 

00 

00 

00 

OO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

1  UJ 

UJ 

UJ 

Ul 

Ul 

Ul 

UJ 

UJ 

UJ 

Ul 

ut 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

Ul 

UJ 

Ul 

UJ 

Ul 

UJ 

UJ 

Ul 

Ul 

1  CO 

CO 

CO 

CO 

CO 

CO 

GO 

CO 

CO 

CQ 

CO 

CO 

GO 

CQ 

CO 

CO 

CO 

CO 

CQ 

CO 

GO 

CO 

CQ 

CO 

CO 

GO 

CO 

CO 

GO 

GO 

oa 

CO 

CO 

GO 

CO 

CQ 

CO 

ICO 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

cn 

OO 

00 

00 

cn 

00 

OO 

00 

01 

00 

. 

—* 

•”* 

*“• 

•— 

*"• 

•”* 

•”* 

•“* 

M 

*“• 

*“• 

»— « 

*■"* 

*“* 

•“* 

*"• 

— ■ 

-  Sl 

Si 

(S) 

Sa 

Si 

St 

Si 

Sl 

Si 

Si 

Si 

Sl 

Sl 

Si 

Sl 

Si 

si 

Si 

sa 

Sa 

Si 

Sl 

tsa 

(sa 

Sl 

SI 

Sl 

SI 

Sl 

Sl 

Si 

Sl 

Sl 

(a 

Sl 

Sl 

<S) 

Si 

Sl 

ts> 

(3 

Si 

SI 

Si 

si 

Si 

Sl 

Si 

Si 

Si 

Si 

ts> 

Sl 

ts> 

Si 

Si 

61 

Si 

Sl 

(sa 

(S) 

si 

s> 

(si 

(SI 

sa 

Sl 

Sl 

SI 

Sl 

si 

Sl 

Sl 

(SI 

Sa 

Si 

Si 

<5 

Si 

O 

Sl 

Sl 

<5 

Si 

Si 

Sl 

(5 

Sl 

Sl 

Si 

Si 

(Si 

(SJ 

Sl 

(a 

Si 

(S) 

Sl 

61 

Sa 

(SI 

Sl 

sa 

Sl 

Sl 

Si 

Si 

sa 

Sl 

Sl 

1  VO 

00 

cn 

(5 

CM 

CO 

-a- 

in 

vo 

00 

cn 

Sl 

— • 

CM 

CO  -<t 

in 

VO 

00 

cn 

Si 

_ 

fsico^rinvor^oocn 

Si 

CM 

1  CO 

00 

CO 

CO 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

(S) 

(S) 

tsj 

Si  Sl 

s? 

Si 

(sj 

6} 

Sl 

«-* 

— • 

«-• 

— 

CM 

CM 

CM 

1  VO 

VO 

VO 

VO 

VO 

VO 

VO 

vo 

vo 

vo 

vo 

VO 

VO 

VO 

n- 

n- 

n- 

r-. 

n 

rv. 

r- 

r>- 

rv. 

pN. 

Pv 

P* 

1  — « 

— < 

—• 

— * 

— • 

•— « 

— ■* 

— < 

«-• 

«— « 

— « 

*-« 

— « 

*-* 

*-• 

*—• 

*— 

t— • 

— 

»— < 

— 

an 

a: 

oc 

a! 

a! 

oc 

01 

d 

d 

01 

01 

01 

ad 

« 

Or! 

o'  an 

ad 

an 

ad 

an 

an 

a: 

Ol 

a; 

al 

a: 

or 

a! 

a! 

a: 

oc 

or 

a: 

an 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

Ul 

UJ 

UJ 

Ul 

UJ 

UJ 

Ul 

Ul 

Ul  UJ 

Ul 

Ul 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

Ul 

Ul 

UJ 

UJ 

Ul 

GO 

aa 

CO 

GO 

CO 

CO 

GO 

CO 

CO 

GO 

CO 

GO 

GO 

ca 

CO 

CO 

GO 

co  co 

CO 

CO 

CO 

CO 

CO 

co 

CO 

00 

GO 

CO 

CO 

GO 

CO 

co 

CO 

CO 

co 

CO 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X  X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z  z 

Z 

Z 

Z 

z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

ClJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

Ul  UJ 

Ul 

UJ 

Ul 

Ul 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

Ul 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

<  < 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

5 

:* 

5 

5D 

5 

5 

CM 


< 

< 


Q_ 

_J 

U 

3 

VO 

cn 

m 

ro 

cn 


A-31 


. 304KINS 


APPENDIX  B 


-  USER  INSTRUCTION 


B-l 


INSTRUCTIONS  FOR  PATH  CHARACTERIZATION  RETRIEVALS  .. 

15  March  1990 


RETRVL 


B-2 


**  These  user  instructions  for  the  program  RETRVL  ** 
**  describe  the  records  to  include  in  file:  RETVCTL  ** 
*********************************************************** 

RECORD  1 


HEADER:  80  characters  of  user  identification  (A80) 

header  for  file  RADDIF0  if  used 

RECORD  2 


IRCASE, 

IFSEQ, 

IDERIV, 

ISIMUL, 

IFDIF, 

JINVRT, 

IATMT5, 

IFASC3 

10, 

o 

CM 

30, 

40, 

50, 

60, 

70, 

80 

7X, 13, 

7X, 13, 

7X, 13, 

7X, 13, 

7X, 13, 

7X, 13, 

7X, 13, 

IX,  13 

IRCASE  (0,1)  flag  for  calculation  of  Reference  Case 

=0  no  Reference  Case  calculation 

*  1  Reference  Case  calculated 

Note:  IRCASE  is  set  to  1  when  IFSEQ  =  1 
(Requires  input  files  T5REF  and  TAPE3) 

IFSEQ  (0,1)  flag  for  creation  of  file  T11SEQ  which  contains 
the  basis  for  the  derivative  calculation 

=  0  T11SEQ  not  created 
**  1  T11SEQ  created 

(Requires  input  files  T5REF  and  TAPE3) 

IDERIV  (0,1,2)  selects  desired  derivative  calculation  which 
creates  the  file  RADERV0 

*  0  no  derivatives  calculated 

■  1  radiance  derivatives  calculated 

*  2  brightness  temperatire  derivatives  calculated 

(Requires  input  file  T11SEQ) 
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RECORD  2  (continued) 


ISIMUL 


IFDIF 


JINVRT 


IATMT5 


IFASC3 


(0,1)  flag  for  creation  of  file  T11SIM  which  contains 
the  basis  for  the  difference  calculation  when  real 
data  is  not  available 

=  0  T11SIM  not  created 
=  1  T11SIM  created 

(Requires  input  files  T5SIM  and  TAPE3) 


(0,1,2)  selects  desired  difference  calculation  which 
creates  the  file  RADDIF0 

=0  no  difference  calculated 

=  1  radiance  difference  calculated 

=  2  brightness  temperatire  difference  calculated 

(Requires  input  files  T11SEQ  and  T11SIM) 


(0,1)  flag  for  Parameter  Retrieval 

=0  no  parameter  retrieval 
=  1  parameter  retrieval  performed 

(Requires  input  files  RADERV0,  RADDIF0,  and  optionally 

PARAMIN  and  ERCOVCG) 


(0,1)  flag  for  creation  of  file  T5ITR  which  contains 
the  FASCOD3  ' TAPE5'  for  use  with  the  next  iteration 

=  0  T5ITR  not  created 
=  1  T5ITR  created 

(Requires  input  files  T5REF  and  PARAMOT) 


(0,1)  flag  for  FASCOD3 :  input  from  RETVCTL 

(Records  5.1  -  5. XX) 


=0  no  FASCOD3  run 
=  1  FASCOD3  run 

(Requires  input  file  TAPE3) 
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RECORDS  3. 1-3. 3 


(Required  if  IFSEQ  =  1,  otherwise  omit) 


RECORD  3.1 

ICNST, 

LAYB, 

LAYE, 

DELSV 

10, 

20, 

30, 

40 

7X, 13, 

7X, 13, 

7X, 13, 

F10 . 3 

ICNST  is  the  parameter  to  be  retrieved.  ICNST  is  defined  as 
follows 

0  or  -1  ends  read  of  parameters 

1-28  corresponds  to  the  molecule  a3  used  by  FASCOD3 
i.e.  1  =  H20,  2  =  C02,  3  =  03,  ...  etc. 

29  corresponds  to  the  layer  temperature 

30  corresponds  to  the  surface  temperature 

31  corresponds  to  the  surface  emissivity 

(not  currently  implemented) 

32  corresponds  to  the  lowest  boundary  pressure 


LAYB  is  the  beginning  layer  for  retrieving  this  parameter 
Note:  LAYB  and  LAYE  are  used  for  ICNST  =  1-29 


LAYE  is  the  ending  layer  for  retrieving  this  parameter 


DELSV  i3  the  change  that  is  applied  to  the  state  parameter 
which  is  used  in  calculating  the  derivatives.  For 
ICNST  =  1-28,  DELSV  is  a  percentage  change  in  the 
layer  column  amount  of  constituent  for  a  layer.  For 
ICNST  =  29  and  30,  DELSV  is  the  perturbation  (K) 
added  to  the  temperature  value.  DELSV  is  calculated 
internally  for  the  lowest  boundary  pressure.  Defaults 
are  3  percent  (0.03)  for  ICNST  =  1-28,  and  2.0  degrees 
for  ICNST  =  29  and  30. 
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RECORD  3.2 


NZFLG 


10 
7X,  13 


NZFLG  is  the  total  number  of  layer  boundaries  which  are 
to  be  read  in  to  determine  the  layers  to  be  used. 
NZFLG  =  0  will  default  to  the  NLAYRS  on  T5REF . 


RECORD  3.3  (ZLEVP (N) , N=l, NZFLG) 
(8F10.3) 


(Required  if  NZFLG  >  0, 
otherwize  omit) 


ZLEVP (I)  are  the  layer  boundaries  which  determine  how  the 
atmospheric  layers  on  T5REF  are  combined  in  order 
to  form  the  layers  for  use  by  RETRVL.  ZLEVP  must 
be  a  subset  of  the  boundaries  which  are  on  T5REF . 
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RECORDS  4.1 


4.6.3 


★  *  * 
*  *  ★ 


Required  for  Retrieval  Option  (JINVRT  =  1) 
otherwise  omit. 


★  ★  ★ 
*  *  * 


RECORD  4.1 

JHEADR:  80  characters  of  user  identification  (A80) 

used  by  INVERT 

RECORD  4.2 


NUMFIL, 

NREF, 

NPAR, 

NEIG, 

NPRT, 

IREFD, 

NSIM 

10, 

20, 

30, 

50, 

60, 

70, 

80 

7X, 13, 

7X, 13, 

7X, 13, 

10X, 7X, 1 3 , 

7X, 13, 

7X, 13, 

7X,  13 

NUMFIL  is  the  number  of  different  frequency  regions  (files) 
required  for  this  retrieval.  (maximum  =  10) 

Note:  derivatives  are  RADERVO  -  RADERV9 

differences  are  RADDIF0  -  RADDIF9 

NREF  is  the  index  for  Reference  Constants 
=  0  first  guess 

>  0  output  from  previous  run  is 

available  on  PARAMIN 

NEAR  is  the  total  number  of  parameters  to  be  retreived. 

NEIG  is  the  flag  for  running  the  Eigen  solution:  for 

informational  purposes.  (0  =  NO,  1  =  YES) 

NPRT  is  the  total  number  of  parameters  to  be  output  per 
page  (maximum  =  12) 

IREFD  flag  for  reference  data  input 

=  0  from  derivative  file  header 
=  1  from  file  PARAMIN 

(  option  1  is  useful  for  analysis  in 
case  using  multiple  derivatives  ) 

NSIM  is  the  flag  for  reading  simulation  data  from  file 
PARAMIN. 
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RECORD  4.3 


(IOUT(I) , 1=1 , NPAR) 
(2014) 


IOUT(I) 


selects  the  parameters  and  their  order  for  the 
retrieval . 

i.e.  in  order  to  use  parameters  1-5  in  reverse 
order,  simply  set  IOUT(l)  =  5, 

I OUT (2 )  =  4, 

I OUT (3)  =  3, 

. . .  etc . 
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RECORD  4.4 


IKMAT, 

IHMAT, 

IHCOR, 

IHINV, 

IHICR, 

IHHIN, 

IYVEC, 

IDRDI 

10, 

20, 

30, 

40, 

50, 

60, 

70, 

80 

7X, 13, 

7X,I3, 

7X, 13, 

7X, 13, 

7x, 13, 

7X, 13, 

7X, 13, 

7X,  13 

IKMAT  selects  the  printing  of  the  K  matrix 
(derivatives  and  functions) 

-  0  no  output 

»  1  abbreviated  output 

-  2  full  output  for  number  of  measurement  values  <  100 
m-2  will  force  full  output 

XHMAT  selects  the  printing  of  the  H  matrix 

=0  no  output 

-  1  abbreviated  output 
■  2  full  output 

IHCOR  selects  the  printing  of  the  correlation  H  matrix 

*  0  no  output 

*  1  abbreviated  output 

*  2  full  output 

IHINV  selects  the  printing  of  the  H  inverse  matrix 

=0  no  output 

*  1  abbreviated  output 
=  2  full  output 

IHICR  selects  the  printing  of  the  correlation  H 
inverse  matrix 

«  0  no  output 
=  1  abbreviated  output 
“  2  full  output 

IHHIN  selects  the  printing  of  the  H  matrix  times 
H  inverse  matrix 

=0  no  output 

*  1  abbreviated  output 
=  2  full  output 

IYVEC  selects  the  printing  of  the  Y  vector 

“0  no  output 

-  1  abbreviated  output 

*  2  full  output 
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RECORD  4.4  (continued) 


IDRDI  selects  the  printing  of  the  residuals 
(RD-Rn)  ,  (Rn+l-Rn)  and  (RD-Rn+1) 

where  RD  -  measurement 

Rn  -  reference 

Rn+1  -  linear  prediction 


=  0  no  output 
=  1  abbreviated  output 

=  2  full  output  for  number  of  measurement  values  <  100 
=-2  will  force  full  output 


RECORD  4.5 

IGUESS 
10 
7X,  13 


MXLKHD, 

IPEIG 

20, 

30 

7X, 13, 

7X,  13 

IGUESS  determines  whether  or  not  an  error  covariance 
matrix  is  read  in  and  used 

=  0  not  read  in  or  used 
=  1  reads  diagonal  elements 
=  2  reads  full  matrix 

MXLKHD  selects  retrieval  method 

(for  MXLKHD  =  1,  IGUESS  must  be  >  0) 

=  0  ridge  regression 
=  1  maximum  likelihood 

IPEIG  selects  the  printing  of  the  eigenvalues  and 
eigenvectors  (if  NEIG  =  1) 

=0  no  output 
=  1  full  output 
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RECORD  4.6 


GAMMA, 

NDAMP, 

IWGHT, 

NOISE, 

DSEED 

20, 

30, 

40, 

50, 

70 

E10.3, 

7X, 13, 

7X, 13, 

7X, 13, 

7X, E13 . 0 

GAMMA  damping  factor  applied  to  all  parameters 
NDAMP  number  of  individual  damping  factors 

IWGHT  flag  for  measurement  weights 

=  0  all  weights  unity  <=  1) 

=  1  non-uniform  weighting  (see  Record  4.6.3) 

NOISE  flag  for  noise  (requires  IWGHT  =  1  and  Record  4.6.3) 
=0  no  noise 

=  1  Gaussian  noise  added  to  radiance 
DSEED  seed  for  inital  noise  value  (random  number  generator) 

RECORD  4.6.1  (Required  for  NDAMP  >  0,  otherwise  omit) 

(IDAMP  (I)  ,  1=1, NDAMP) 

(2014) 

IDAMP (I)  damping  selected  for  parameter  IDAMP (I) 

RECORD  4.6.2  (Required  for  NDAMP  >  0,  otherwise  omit) 

(DAMP (I) , 1=1, NDAMP) 

(2014) 

DAMP (I)  damping  factor  for  parameter  IDAMP  (I) 

(ordered  by  parameter  per  Record  4.6.1) 
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RECORD  4.6.3 


(Required  for  NWGHT  >  0,  otherwise  omit) 


IWFLG, 

IFWGHT, 

IBWGHT, 

IEWGHT, 

WGTFAC, 

FREQ, 

CHTMP 

5, 

10, 

20, 

30, 

40, 

60, 

70 

15, 

15, 

110, 

110, 

G10. 3, 

G20 . 8, 

G10.3 

IWFLG  flag  to  determine  how  weights  are  applied 
=-l  end  of  weight  input  data 

=  0  read  weight  (cannot  be  used  with  MXLKHD  =  1) 

=  l  read  weight  (W  =  Sn-1) 

weights:  diagonal  elements  of  the  inverse 
of  the  measurement  error  covariance  matrix 
=  2  Noise:  standard  deviation 

=  3  Noise:  standard  deviation  in  brightness  temperature 
converted  to  standard  deviation  in  radiance 

IFWGHT  input  file  to  which  weights  are  applied 

=-l  apply  weights  to  all  measurement  values 
=  #  (0-9)  apply  weights  to  measurement  values 

on  files  #  (0-9)  ==  (RADERVO  -  RADERV9) 

IBWGHT  beginning  point  on  file  for  application  of 
weight  values  (WGTFAC) 

IEWGHT  ending  point  on  file  for  application  of 
weight  values  (WGTFAC) 

WGTFAC  weighting  factor  (applied  IBWGHT  through  IEWGHT) 

FREQ  wavenumber  value  (cm-1)  used  in  converting  brightness 
temperature  noise  (standard  deviation)  to  radiance 
noise  (standard  deviation) 

(Required  for  IWFLG  =  3) 

CHTMP  average  temperature  for  spectral  interval.  Used  to 
convert  noise  standard  deviation  in  brightness 
temperature  to  noise  standard  deviation  in  radiance. 

(In  microwave  region  -  set  CHTMP  =  0.0) 
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RECORDS 


5. 1-5. XX  (Required  for  IFASC3  =  1,  otherwise  omit) 

These  records  correspond  exactly  to  a  FASC0D3  TAPE5  input 
file.  See  FASCOD3  user  instructions  for  a  description. 
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APPENDIX  C 


-  TEST  CASE  INPUT 


C-l 


TEST  CASE  1 


THREE  LAYER  TEST  CASE  FOR  PATH  CHARACTERIZATION 


RCASE- 

1 

FSEG  = 

1 

DERIV= 

2 

SIMUL= 

1 

FDIFF=  2 

INVRT=  1 

ATMT5=  1 

FSCD3= 

00 

ICNST- 

29 

LAYS  = 

1 

LAYE 

3 

0. 

50 

ICNST= 

30 
—  1 

0 

0 

0. 

50 

NZFLG- 

0 

SCRIBE 

RUN  -  THREE  LAYER 

TEST 

CASE 

NFIL  » 

1 

NREF  - 

0 

NPAR 

- 

4 

NEIG  =  0 

NPRT  =12 

REFD  »  0 

NSIM  = 

1 

3  2 

1  4 

0 

0 

0 

0  0 

0 

0  0 

0  0  0 

0  0 

0  0 

0 

KMAT  - 

1 

HMAT  - 

2 

HCOR 

« 

2 

HINV  = 

2 

HICOR=  2 

HHINV=  1 

YVEC  =  1 

DRDI  = 

1 

IGSS  * 

0 

MXLK  = 

0 

PEIG 

2 

GAMMA 

“I 

D.0000E+00 

NDMP 

- 

0 

IWGHT= 

0 

NOISE=  0 

DSEED=  12345678. D+0 

THE  FOLLOWING  2  FILES  ARE  REQUIRED  FASCODE  INPUT  FILES  FOR  USE  WITH  THIS  TEST 
CASE. 
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T5REF 


TEST  CASE  1 


$  TEST  CASE  FOR  RETRIVAL  CODE 

HI-1  F4-1  CN-1  AE-0  EM-1  SC-1  FI-0  PL-0  TS-0  AM-0  MG-0  LA-0  MS-0  RD-0  0  0 

720.0  725.0  0.  .0137  .100  .0002  .001 

295 . 34  1 . 

3  7  1.000000  1  SCRIBE  ATMOS  HI-  5.10  H2-  1.22  ANG-  180.000  LEN-  0 

807.05  288.28  99  1  1.22  2.80 

1.47E+22  1.06E+21  1.07E+17  1.03E+18  4.48E+17  5.45E+18  6.70E+23  2.52E+24 

682.68  281.14  0  1  4.00 

5.83E+21  6.95E+20  7.43E+16  6.74E+17  2.81E+17  3.58E+18  4.40E+23  1.66E+24 

592.45  273.39  2  1  5.10 

2.98E+21  5.69E+20  6.33E+16  5.52E+17  2.25E+17  2.93E+18  3.60E+23  1.36E+24 

0.053  720.0  725.0  13  0.0  12  1  1  11 

-1. 

% 
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T5SIM 


(TEST  CASE  1) 


$  TEST  CASE  FOR  RETRIVAL  CODE 


HI-1  F4-1 

CN-1  AE-0 

EM-1  SC-1 

FI-0  PL-0 

TS-0  AM-0 

MG— 0  LA-0  MS-0  RD-0 

0  0 

720.0 

725.0 

0. 

.0137 

.100 

.0002 

.001 

295.34 

1. 

3  7 

1.000000 

1  SCRIBE 

ATMOS  Hl- 

5.10  H2 

=  1.22  ANG-  180. 

000  LEN-  0 

807.05 

288.28 

99  1  1. 

22 

2.80 

1.47E+22 

1.06E+21 

1.07E+17 

1.03E+18 

4.48E+17 

5.45E+18  6.70E+23 

2.52E+24 

682.68 

281.64 

0  1 

4.00 

5.83E+21 

6.95E+20 

7.43E+16 

6.74E+17 

2. 81E+17 

3.58E+18  4.40E+23 

1 . 66E+24 

592.45 

273.39 

2  1 

5.10 

2.98E+21 

5.69E+20 

6.33E+16 

5.52E+17 

2.25E+17 

2.93E+18  3.60E+23 

1.36E+24 

0.053 

720.0 

725.0 

1  3 

0.0  12  1  1 

11 

-1. 

% 
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PARAMIN  (ADDITIONAL  INPUT  FILE  NEEDED  BY  INVERT  FOR  TEST  CASE  1) 
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TEST  CASE  2 


TWO  LAYER 

TEST  CASE 

FOR  PATH  CHARACTERIZATION 

RCASE-  1 

FSEG  - 

1 

DERIV- 

2  SIMUL- 

1 

FDIFF-  2 

INVRT-  1 

ATMT5-  1 

FSCD3- 

ICNST-  29 

LAYB  - 

1 

LAYE  - 

2  0. 

50 

ICNST-  30 

0 

0  0. 

50 

1 

NZFLG-  0 

1.22 

4.00 

5.10 

SCRIBE  RUN  -  TWO 

LAYER  TEST 

CASE 

NFIL  -  1 

NREF  - 

0 

NPAR  - 

3 

NEIG  -  0 

NPRT  =  12 

REFD  -  0 

NSIM  “ 

2  1 

3  0 

0 

0  0 

0  0 

0 

0  0 

0  0  0 

0  0 

0  0 

KMAT  -  1 

HMAT  - 

2 

HCOR  - 

2  HINV  - 

2 

HI COR"  2 

HHINV-  1 

YVEC  “  1 

DRDI  = 

IGSS  -  0 

MXLK  - 

0 

PEIG  - 

2 

GAMMA  — C 

I.0000E+00 

NDMP  - 

0  IWGHT- 

0 

NOISE"  0 

DSEED=  12345678. D+0 

THE  FOLLOWING  2  FILES  ARE  REQUIRED  FASCODE  INPUT  FILES  FOR  USE  WITH  THIS  TEST 
CASE. 


C-6 


T5REF 


(TEST  CASE  2) 


$  TEST  CASE  FOR  RETRIVAL  CODE 

HI-1  F4-1  CN-1  AE-0  EM-1  SC-1  FI-0  PL=0  TS=0  AM-0  MG-0  LA-0  MS-0  RD-0  0  0 

720.0  725.0  0.  .0137  .100  .0002  .001 

295.34  1. 

3  7  1.000000  1  SCRIBE  ATMOS  Hl=  5.10  H2-  1.22  ANG-  180.000  LEN-  0 

807.05  288.28  99  1  1.22  2.80 

1.47E+22  1.06E+21  1.07E+17  1.03E+18  4.48E+17  5.45E+18  6.70E+23  2.52E+24 

682.68  281.14  0  1  4.00 

5.83E+21  6.95E+20  7.43E+16  6.74E+17  2.81E+17  3.58E+18  4.40E+23  1.66E+24 

592.45  273.39  2  1  5.10 

2.98E+21  5.69E+20  6.33E+16  5.52E+17  2.25E+17  2.93E+18  3.60E+23  1.36E+24 

0.053  720.0  725.0  1  3  0.0  12  1*  1  11 

-1. 

% 
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T5SIM  (TEST  CASE  2) 


$  TEST  CASE  FOR  RETRIVAL  CODE 

HI-1  F4-1  CN-1  AE-0  EM-1  SC-1  FI-0  PL-0  TS=0  AM-0  MG-0  LA-0  MS-0  RD-0  0  0 

720.0  725.0  0.  .0137  .100  .0002  .001 

295.34  1. 

3  7  1.000000  1  SCRIBE  ATMOS  HI-  5.10  H2-  1.22  ANG-  180.000  LEN-  0 

807.05  288.78  99  1  1.22  2.80 

1.47E+22  1 . 06E+21  1.07E+17  1.03E+18  4.48E+17  5.45E+18  6.70E+23  2.52E+24 

682.68  281.64  0  1  4.00 

5.83E+21  6.95E+20  7.43E+16  6.74E+17  2.81E+17  3.58E+18  4.40E+23  1.66E+24 

592.45  273.39  2  1  5.n 

2.98E+21  5.69E+20  6.33E+16  5.52E+17  2.25E+17  2.93E+18  3.60E+23  1.36E+24 

0.053  720.0  725.0  1  3  0.0  12  1  1  11 

-1. 

% 
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PARAMIN  (ADDITIONAL  INPUT  FILE  NEEDED  BY  INVERT  FOR  TEST  CASE  2) 
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APPENDIX  D 


-  TEST  CASE  OUTPUT 


D  - 1 


SCRIBE  RUN  -  THREE  LAYER  TEST  CASE  INVRT  90/03/15  14  34  34 
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ABSTRACT 

An  extended  version  of  FASCODE  (Clough  et 
al . ,  1986)  has  been  utilized  in  conjunction  with 
the  1986  AFGL  line  parameters  (Rothman  et  al . , 
1987)  and  the  line  coupling  coefficients  for 
carbon  dioxide  developed  by  Hoke  et  al.  (1988), 
to  perform  spectral  radiance  comparisons  with 
data  from  the  High-Resolution  Interferometer 
Sounder  (HIS)  aircraft  instrument  (Smith  et  al., 
1983).  The  HIS  instrument  is  a  radiometrically 
calibrated  interferometer  with  a  resolution  of 
0.5  cm'*  from  600  to  1000  cm'*  and  1  cm'*  from 
1100  to  2600  cm'1.  An  absolute  spectral  radio- 
metric  accuracy  of  1  K  with  an  RMS  reproduci¬ 
bility  of  0.1  K  has  been  achieved.  The  meas¬ 
urements  of  upwelling  radiance  for  this  compari¬ 
son  have  been  made  with  the  instrument  mounted 
on  the  NASA  high  altitude  aircraft  flying  at 
20  km.  The  meteorological  conditions  for  the 
measurements  have  been  established  by  simultane¬ 
ous  radiosonde  measurements.  The  agreement 
between  the  HIS  observations  and  FASC0D2 
calculations  is  generally  within  0.5  R  in 
equivalent  brightness  temperature.  In  specific 
spectral  regions,  significantly  greater 
differences  are  observed.  These  differences  are 
attributable  to  line  coupling  effects  in  the 
carbon  dioxide  Q  branches  and  to  absorption  by 
the  fluorocarbons,  CFCll  and  CFC12.  The 
extended  version  of  FASCODE  provides  a  signi¬ 
ficant  improvement  in  the  agreement  between  the 
calculations  and  the  measurements. 


1.  INTRODUCTION 

A  detailed  comparison  between  measured  and 
calculated  upwelling  radiances  has  been  under¬ 
taken  to  validate  both  the  results  from  the 
High-resolution  Interferometer  Sounder,  HIS, 
(Smith  et  al.,  1983)  and  the  atmospheric  radi¬ 
ance  model,  FASCODE  (Clough  et  al.,  1986).  This 
constitutes  an  important  step  in  establishing 
the  extent  of  the  retrieval  Improvement  attain- 

irs  n 
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1#  U.S.  Government  Is  authorized  to  reproduce  and  sell  this  report, 
trmlstlon  for  further  reproduction  by  others  must  be  obtained  from 
e  copyright  owner. 


able  with  the  HIS  instrument  operating  in  space. 
Special  emphasis  has  been  placed  on  atmospheric 
spectroscopic  issues  associated  with  ijine 
coupling;  the  2900  cm  carbon  dioxide  band 
edge;  and  atmospheric  window  absorption 
including  effects  due  to  water  vapor  and  chloro- 
fluorocarbons  in  the  800  to  1200  cm  region. 

2.  RADIANCE  MEASUREMENTS  AND  FASC0D2 
CALCULATIONS 

The  High-resolution  Interferometer  Sounder, 
HIS,  (Smith  et  al.,  1983)  is  an  accurately 
calibrated  Fourier  Transform  spectrometer 
developed  to  measure  the  upwelling  infrared 
emission  from  earth  and  to  establish  the  at¬ 
tainable  improvement  in  accuracy  and  vertical 
resolution  for  temperature  and  humidity 
retrievals.  The  important  characteristics  of 
the  instrument  are  provided  in  Table  1  and  a 
schematic  optical  diagram  is  shown  in  Fig.  1. 
Accurate  radiometric  calibration  has  been  a 
central  focus  of  the  HIS  program.  Using  two 
blackbody  calibration  sources,  one  at  300  K  and 
the  other  at  295  K,  the  responsivity  of  the 
instrument  and  the  offset  radiance  are  deter¬ 
mined  at  each  wavenumber  value.  The  offset 
radiance  is  defined  as  the  equivalent  system 
input  radiance  that  is  actually  due  to  internal 
radiative  sources,  Revercomb  et  al.  (1987).  The 
calibration  has  been  verified  by  performing 
measurements  on  the  ground  of  a  third  black- 
body.  Spectral  calibration  is  achieved  by  laser 
measurement  of  retardation  using  the  nominal 
laser  frequency. 

An  important  aspect  of  the  comparison  of 
the  observations  with  calculations  relates  to 
the  treatment  of  the  line  by  line  radiance 
calculations  to  account  for  instrumental 
effects.  FASC0D2,  an  accelerated  line  by  line 
program  (Clough  et  al.,  1986),  has  been  used  to 
obtain  a  calculated  radiance  siectrum.  This 
radiance  spectrum  is  then  transformed  to  the 
Fourier  domain  at  a  sampling  Interval  consistent 
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Fig.  1.  Functional  schematic  of  HIS  optics.  Primary,  collimating  and 
focusing  mirrors  are  shown  as  lenses  for  simplicity. 


with  the  experimental  data.  A  correction  is 
applied  to  account  for  the  effects  of  the  finite 
f leld-of-vlew,  followed  by  application  of  the 
same  apodizing  function  as  that  used  for  the 
experimental  interferogram  and  by  truncation  to 
the  experimental  retardation.  Finally,  a 
Fourier  transform  is  performed  to  obtain  the 
spectrum.  The  calculated  spectral  radiances  are 
thus  obtained  at  the  identical  spectral  values 
as  the  calibrated  experimental  spectra,  the 
instrument  function  having  been  appropriately 
taken  into  account. 

Table  1.  Characteristics  of  Che  HIS 
Aircraft  Instrument 
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The  data  presented  here  are  from  an  ER2 
flight  over  the  ocean  on  April  IA,  1986  off  the 
California  coast.  This  data  set  has  been  chosen 
primarily  because  of  the  greater  confidence  in 
the  ocean  surface  properties  relative  to  those 
for  land  surface.  The  atmospheric  conditions 
for  this  flight  represented  a  relatively  dry 
atmosphere.  The  calibrated  equivalent  bright¬ 
ness  temperature  for  a  spectral  radiance  mea¬ 
surement  obtained  on  this  flight  is  shown  in 
•Fig.  2.  FASC0D2  calculations  with  12  atmo¬ 
spheric  layers,  using  available  radiosonde  mea¬ 
surements  of  temperature  and  water  vapor  and  the 
1986  H1TRAN  data  base  (Rothman  et  al . ,  1987), 
were  performed.  In  Fig.  3  we  show  the  differ¬ 
ence  between  the  HIS  measurement  and  the  FASC0D2 
calculations.  The  agreement  is  generally 
excellent,  but  a  number  of  spectroscopic  issues 
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Fig.  2.  HIS  equivalent  brightness  spectra. 
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Fig.  3.  Difference  of  equivalent  brightness 
spectra:  HIS  (April  14,  1986)  - 
FASC0D2 . 


are  clearly  evident.  The  line  coupling  in  the 
CO,  Q-branches  is  apparent  at  618,  720,  742,  and 

791  cm'  .  The  spectral  feature  at  667  cm'*  is 
due  to  a  short  path  of  warmer  gas  in  the  Instru¬ 
ment  pod.  The  spectral  bands  due  to  the  chloro- 
fluorocarbons,  CFC  11  and  CFC  12,  are  clearly 
evident  centered  at  850  cm'1  and  920  cm'1, 
respectively.  Finally,  the  deviations  of  the 
true  ozone  profile  from  that  assumed  for  the 
calculations,  cause  the  spectral  discrepancies 
from  990  to  1060  cm'1. 

3.  EXTENDED  FASC0DE  RADIANCES 

An  extended  version  of  FASC0DE  has  been 
developed  that  treats  line  mixing  effects  as  a 
function  of  temperature  and  utilizes  the  cross 
section  data  available  as  part  of  the  HITRAN 
data  base.  Hassle  et  al.  (1985).  The  line 
coupling  coefficients  for  the  Q  branches  of 
carbon  dioxide  at  618,  667,  720,  741  and 

792  cm"  have  been  developed  by  Hoke  et  al. 
(1988).  The  coefficients  are  provided  at  four 
temperatures  (200  K,  250  K,  296  K  and  340  K)  and 
are  incorporated  into  the  FASC0DE  line  file. 
Linear  Interpolation  is  applied  in  FASC0DE  to 
obtain  coefficients  at  the  appropriate  atmo¬ 
spheric  layer  temperatures.  The  cross  sections 
for  CFC11  and  CFC12  have  been  utilized  in  the 
following  manner.  The  radiances  from  the  ex¬ 
tended  FASC0DE  calculations  have  been  attenuated 
by  transmlttances ,  T(i/),  obtained  from  the 
relation, 

T(v)  -  exp  ( *Xj ,  (■/)  U,,  -  X.^v)  U,,) 


Vi,  are  the  associated  column  abundances.  This 
treatment  assumes  that  In  the  spectral  regions 
affected,  that  the  attenuating  species.  In  this 
case  CFC11  and  CFC12,  are  above  the  source  of 
radiation  and  that  the  attenuating  species  are 
cold  relative  to  the  radiative  source.  Further, 
the  temperature  dependence  of  the  cross  sections 
Is  not  available  and  consequently  has  not  been 
taken  Into  account. 

In  Fig.  4  the  equivalent  brightness  temper¬ 
ature  differences  between  the  extended  FASC0DE 
radiance  calculation  and  the  FASC0D2  calculation 
are  shown.  A  sine  function  has  been  used  for 
these  calculations  with  an  unappodized  resolu¬ 
tion  of  0.275  cm'1  consistent  with  the  HIS 
retardation  for  Band  I.  Comparison  of  Fig.  4 
with  Fig.  3  demonstrates  that  the  618  cm'1 
Q  branch  is  well  modeled  by  the  present  treat¬ 
ment  supporting  the  validity  of  the  line 
coupling  coefficients  and  the  treatment  of  their 
temperature  dependence.  The  720  cm'  Q  branch 
Is  not  well  modeled  which  on  initial  considera¬ 
tion  is  unexpected  since  the  Q  branch  is 
spectroscopically  similar  to  that  at  618  cm'  . 
The  discrepancy  is  attributable  to  incorrect 
intensities  for  the  weaker  carbon  dioxide 
transitions  in  this  spectral  region,  particular¬ 
ly  the  isotopic  636  Q  branch  at  721.5  cm'1.  The 
Q  branches  at  742  cm'1  and  791  cm'1  may  also  be 
affected  by  a  reassessment  of  the  intensities 
for  the  weaker  carbon  dioxide  transitions.  The 
spectral  feature  at  667  cm'1  is  due  to  warmer 
air  in  the  pod  area  as  previously  discussed. 

The  spectral  features  due  to  CFC11  and  CFC12  are 
well  accounted  for  using  values  for  the  column 
abundances,  Ifn  and  Uu,  of  3  x  10s  (molec/cm^) 
for  both  species.  The  brightness  temperature 
differences  on  either  side  of  the  main  667  cm’ 
carbon  dioxide  band  and  the  general  trend  in  the 
difference  from  600  cm'  to  1000  cm'  is  not 
explained.  Modification  of  the  temperature 
profile  may  be  expected  to  provide  some 
improvement  in  the  comparison. 


where  Xu  and  Xti  are  the  wavenumber  dependent  Fig.  <,  Difference  of  equivalent  brightness 

cross  sections  for  CFCil  and  CFC12 ,  and  U, ,  and  spectra:  extended  FASC0DE  (including 

line  coupling  and  chlorofluorocarbon 
absorption)  -  FASC0D2 . 
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Another  spectral  region  of  particular 
Interest  for  remote  sensing  Is  the  2385  cm' 
region  dominated  by  the  high  J  transitions  of 
carbon  dioxide.  A  comparison  of  the  HIS 
measurements  with  FASC0D2  calculations  In  Fig.  5 
Indicates  reasonable  agreement.  However,  the 
large  Increase  In  the  HIS  equivalent  brightness 
temperature  differences  at  the  higher  frequen¬ 
cies  la  presumably  due  to  scattered  sunlight  and 
precludes  detailed  comparison  using  radiance 
calculations  for  the  clear  atmosphere. 


4.  CONCLUSIONS 

The  general  agreement  between  the  Band  I 
HIS  measurements  and  the  radiance  calculations 
using  an  extended  version  of  FASCODE  Is  within 
2  K  between  600  and  1000  cm.  A  proper 
atmospheric  profile  for  ozone  would  likely 
extend  the  agreement  to  1100  cm*  .  Effects  of 
the  order  of  0.5  K  In  equivalent  brightness 
temperature  such  as  those  attributable  to 
fluorocarbon  absorption  are  unambiguously 
dlscernable.  A  need  for  Improvements  In  the 
Intensities  for  the  weaker  carbon  dioxide 
transitions  has  been  demonstrated. 

Evidence  Indicates  that  the  absolute  error 
In  the  HIS  measured  brlghtner  ;  temperatures  Is 
better  than  1  K  and  that  the  relative  error  In 
the  spectral  regions  with  the  highest  signal  to 
noise  ratio  Is  of  the  order  of  0.1  K.  Further 
Improvements  In  the  model  will  require  Improved 
line  Intensities  and  further  study  of  the  line 
shape  for  carbon  dioxide  to  explain  the  sys¬ 
tematic  differences  of  up  to  2  K  In  the  618  cm* 
and  the  720  cm*1  spectral  region.  No  Inferences 
regarding  the  validity  of  the  water  vapor  con¬ 
tinuum  can  be  drawn  from  the  present  comparison. 
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Fig.  5.  Equivalent  brightness  temperature  In 
the  2400  cm**'  region:  measured  (HIS, 
curve  with  higher  spectral  content)  and 
calculated  (FASCOD2). 
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ABSTRACT 

Clough,  S.A.,  Kneizys,  F.X.  and  Davies,  R.W.,  1989.  Line  shape  and  the  water  vapor  continuum. 
Atmos.  Res.,  23:  229-241. 


A  formulation  is  developed  in  which  the  contribution  of  the  far  wings  of  collisionally  broadened 
spectral  lines  to  the  water  vapor  continuum  absorption  is  established.  The  effects  of  deviations 
from  the  impact  ( Lorentz )  line  shape  due  to  duration  of  collision  effects  are  treated  semi-empir- 
ically  to  provide  agreement  with  experimental  results  for  the  continuum  absorption  and  its  tem¬ 
perature-dependence.  The  centinua  due  to  both  water- water  molecular  broadening  (self-broad¬ 
ening  )  and  water-air  molecular  broadening  ( foreign  broadening)  are  discussed.  Several  atmospheric 
validations  of  the  present  approach  are  presented. 


RESUME 


On  developpe  one  formulation  dans  laquelle  on  etablit  la  contribution  des  ailes  eloignees  des 
raies  elargies  par  collision  au  continuum  d’absorption  de  la  vapeur  d’eau.  Les  effets  des  deviations 
de  la  forme  de  raie  d’impact  ( Lorentz )  sont  traites  de  fagon  semi-empirique  pour  fournir  un  accord 
avec  les  resultats  experimentaux  concernant  le  continuum  d’absorption  et  sa  dependence  en  tem¬ 
perature.  Les  continua  dus  a  l'effet  d  elargissement  moleculaire  eau-eau  (self  broadening)  et  air- 
eau  (foreign  broadening)  sont  discutes.  Flusieurs  validations  atmospheriques  de  cette  apprcche 
sont  presentees. 


INTRODUCTION 

The  continuum  absorption  due  to  water  vapor  has  posed  a  complex  problem 
for  researchers  concerned  with  atmospheric  radiative  problems.  In  fact,  a  uni¬ 
versally  accepted  definition  of  continuum  absorption  has  not  been  established 
making  more  difficult  the  discussion  of  the  effect.  The  regions  of  the  atmos- 
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pheric  spectrum  in  the  microwave  and  the  infrared  with  the  greatest  transpar¬ 
ency,  the  windows,  are  strongly  dependent  on  the  water  vapor  continuum.  These 
spectral  regions  are  at  0  cm"1,  800-1200  cm-1  and  2000-3000  cm-1.  Labora¬ 
tory  measurements  of  the  water  vapor  continuum  are  made  difficult  by  the 
long  path  lengths  required  with  conventional  spectroscopic  techniques  or  by 
the  complexities  encountered  with  methods  of  high  sensitivity  such  as  spectro- 
phone  detection.  Atmospheric  measurements  are  adversely  affected  by  the  dif¬ 
ficulty  in  adequately  characterizing  the  path,  aerosol  attenuation,  turbulence, 
scintillation  and  instrument  calibration.  From  a  theoretical  point  of  view,  the 
continuum  has  posed  a  comparably  complex  problem  and  still  lacks  a  com¬ 
pletely  satisfactory  explanation.  The  issue  of  whether  the  absorption  repre¬ 
sents  an  excess  or  deficiency  is  fundamentally  dependent  on  the  line  shape 
formulation  chosen  as  reference  as  well  as  on  the  frequency  regime  of  interest. 
A  theoretical  understanding  of  this  problem  entails  a  satisfactory  description 
of  the  line  shape  and  its  temperature-dependence  from  line  center  to  the  far 
line  wing  requiring  a  proper  treatment  of  the  physical  processes  occurring  in 
the  time  associated  with  the  duration  of  collision.  Further,  an  adequate  model 
must  also  address  the  issue  of  collision-induced  spectra  as  well  as  the  possibil¬ 
ity  of  dimer  absorption. 

LINE  SHAPE  FORMULATION 


In  our  consideration  of  the  continuum,  we  start  with  a  line  shape  formula¬ 
tion  for  the  absorption  coefficient  k(v)  (cm2/molec  ),  that  is  applicable  from 
the  microwave  to  the  infrared  (Clough  et  al.,  1983): 


fc(i/)=R(j/)<0(l>)+0(-  !/)> 

(1) 

with: 

1  _  e  ~  ^ 

(2) 

RM-‘ '1+.-* 

=  v  tanh(^y/2) 

(3) 

where  v  is  the  wavenumber  value,  R(v)  (cm-1)  is  a  radiation  field  term  at 
temperature  T with  (}=hc/kT  (cm),  and  <0(f)  +  0(  —  v)}  is  the  symmetrized 
power  spectral  density  function  (Van  Vleck  and  Huber,  1977).  The  term  /?(f) 
includes  the  effect  of  stimulated  emission.  This  formulation  has  a  number  of 
attractive  properties:  its  appropriateness  to  all  spectral  domains  and  the  fact 
that  the  symmetrized  power  spectral  density  function  satisfies  an  important 
intensity  sum  rule,  the  Nyquist  theorem.  For  the  application  of  this  formalism 
to  the  computation  of  spectra  in  terms  of  line  transition  data,  we  obtain: 
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k(v)  =  v  tanh(/?i>/2) 


Xl  S,(T)- 


if 

n  _{v—  v,)2  +  a] 


X(V'-v)  + 


( v+  Vj)2  +  a  • 


X(v+. 


where  S,  (cm2/molec.)  is  the  intensity  of  the  transition  at  wavenumber  value 
v,  (cm-1)  and  halfwidth  a,  (cm-1).  The  Lorentz  function,  f{v—  vt)  (cm): 


„  x  1  a‘ 

/(y_  !>,)  =  -- - -j- — g 

7i  (v-  Vir+af 


(5) 


is  the  line  shape  function  appropriate  to  the  impact  approximation  for  which 
the  collision  time  is  assumed  to  be  instantaneous.  The  x  function  is  a  semi- 
empirical  function  applied  to  the  impact  result  to  correct  for  duration  of  col¬ 
lision  effects  and  to  attain  agreement  between  calculated  and  measured  spec¬ 
tra.  With  ^=1,  this  line  shape  reduces  to  the  Lorentz  shape  in  the  infrared, 
since  R(v)^>vl  for  and  to  the  Van  Vleck-Weisskopf  shape  in  the 

microwave,  since  R{v)-+fiv2/2.  We  adopt  a  notation  in  which  a  tilde  over  a 
quantity  indicates  that  the  radiation  term,  R(v),  has  been  excluded  from  that 
quantity. 

At  this  stage  we  define  a  continuum  absorption  by  excluding  from  the  power 
spectral  density  function  fast  spectral  components  associated  with  the  line 
center.  The  continuum,  C(i>),  is  given  by: 

C(i/)  =  <0(i')  +  0(-i')>c  (6) 


=  I  ^  [fc  ( v  -  Vt  )x ( v - Vi )  +fc  ( v +  Vi  )x ( v +  v, )  ] 

I 


(7) 


where  fc  is  a  line  shape  with  the  strong  central  component  excluded  (Clough 
et  al.,  1980).  We  systematically  define  fc  (v+  !>,)  in  the  following  way: 


fc(v+  v,)  = 


1  a, 

n252  +  at2  I  v+  vA  <25  cm-1 

1  O', _  |  v,\  ^25  cm-1 

n  (v+  v,)2+a* 


(8) 


The  function  f(  is  indicated  schematically  in  Fig.  1  by  the  solid  curve.  Another 
function  that  has  been  used  by  Burch  in  some  of  his  work  is  indicated  by  the 
dashed  line  in  Fig.  1.  The  lack  of  agreement  among  researchers  on  the  line 
shape  formulation  and  on  the  definition  of  the  function  fc  has  inhibited  the 
intercomparison  and  validation  of  continua.  It  must  be  emphasized  that  the 
continuum  and  the  details  of  the  line-by-line  calculation  are  inextricably  re¬ 
lated.  The  present  formulation  for  the  continuum  is  consistent  with  the  FAS- 
CODE  line-by-line  model  (Clough  et  al.,  1986).  Similarly,  it  is  important  to 
recognize  that  band  models  developed  to  describe  molecular  absorption,  must 
also  be  derived  in  the  context  of  a  consistent  treatment  of  the  continuum.  To 
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Fig.  1.  The  line  shape  function,  fc(v),  used  to  develop  the  continuum  (solid  curve).  The  dashed 
curve  represents  the  function  used  by  Burch. 


be  more  explicit,  if  a  band  model  is  to  be  used  in  conjunction  with  a  continuum, 
then  the  absorption  effects  included  in  the  continuum  must  be  excluded  from 
the  band  model.  We  should  note  that  the  continuum  functions  have  been  de¬ 
veloped  in  such  a  way  as  to  obey  Beer’s  law. 

It  is  an  important  consideration  that  the  continuum  coefficient,  C(t>),  is 
proportional  to  collider  density,  p.  Since  the  collision  frequency  which  is  pro¬ 
portional  to  density  determines  the  broadening,  density  is  more  appropriate  as 
the  dependent  variable  than  pressure.  At  constant  temperature  the  distinction 
is  not  relevant.  The  values  for  the  self  broadened  halfwidths,  a° ,  referred  to 
atmospheric  density,  p0,  are  of  the  order  of  0.1  cm  - 1  (0.5  cm  - 1  for  self-broad¬ 
ened  water  vapor).  With  the  halfwidth  density-dependence  given  by: 

a,=a°(p/p0)  (9) 

the  af  terms  in  eq.  8  may  be  dropped  and  the  continuum  shape  function 
becomes: 


/c("+  *>,)  = 


1  a°(p/po) 
n  252 

1  a0t{p/po) 
n  (i/+  p^2 


|  v+  Vi\  ^25  cm-1 


I  v+  P;  \  $s25  cm~* 


(10) 


The  density  scaling  of  the  continuum  is  established  as: 

C(p)=C°{p)  (p/p0)  (11) 

since (c  is  proportional  to  ip/p0)  for  all  values  of  v. 

The  temperature-dependence  of  the  absorption  is  dependent  on  the  radia¬ 
tion  term,  R  ( v )  in  eq.  2,  the  strength  S„  the  halfwidth  a® ,  and  on  the  line  shape 
factor  x •  The  dependence  is  known  theoretically  for  R{v)  and  for  S,  and  is 
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satisfactorily  described  through  an  empirical  exponent,  m,  determined  from 
measurements  for  a,  where: 

ai(p,T)  =  a<f(T/T0)m(p/p0) 

For  the  line  shape  factor  x  the  situation  is  more  complicated.  Near  line  cen¬ 
ter,  |  v  ±  vt  |  <5  cm"1,  x  is  essentially  unity  for  all  temperatures.  However  far 
from  line  center  the  temperature-dependence  for  x  must  be  inferred  from  the 
temperature  of  the  absorption  resulting  from  many  overlapping  lines. 

WATER  VAPOR 

We  are  now  in  a  position  to  apply  the  formulation  we  have  developed  to  water 
vapor  absorption.  Performing  a  line-by-line  calculation  using  the  entire  set  of 
water  vapor  lines  from  0  cm-1  to  10,000  cm-1,  we  obtain  the  power  spectral 
density  function  for  self-broadened  water  vapor  shown  in  Fig.  2.  The  dotted 
curve  is  attained  by  utilizing  the  continuum  line  shape  function,  fc,  thus  ex¬ 
cluding  from  the  power  spectral  density  function  the  contribution  of  the  line 
centers,  and  providing  a  spectrum  of  low  spectral  content  designated  as  the 
continuum.  The  well  known  water  vapor  bands  associated  with  pure  rotation 
(0cm-1),  Vo  (1600cm-1),  p,  ofHDO  (2720cm-1),  2v2  (3100cm-1),  p,  (3660 
cm-1)  and  v3  (3760  cm-1)  are  evident  in  Fig.  2.  In  Fig.  3  we  indicate  two 
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Fig.  2.  The  symmetrized  power  spectral  density  function  for  self- broadened  water  vapor  at  26.7 
mb.  and  296  K  (solid  curve).  The  continuum  is  indicated  by  the  dotted  curve. 
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Fig.  3.  The  continuum  for  self- broadened  water  vapor.  The  dashed  line  is  the  impact  result  and 
the  dotted  curve  is  with  the  x  function  adjusted  to  fit  the  experimental  data  of  Burch,  1981.  The 
broadening  pressure  is  4+F3  mb. 

continua,  one  obtained  using  the  impact  line  shape  (/=  1 ),  and  the  other  with 
a  function  obtained  by  adjusting  the  parameters  in  an  empirical  /-function  to 
attain  agreement  with  the  indicated  spectral  results  (Burch,  1981;  Burch  and 
Alt,  1984;  Burch,  1985). 

Note  that  in  Fig.  3  the  continuum  coefficient  for  self-broadened  water  vapor, 
C* ,  exhibits  an  excess  absorption  with  respect  to  the  reference  impact  contin¬ 
uum  (/=  1 )  in  the  center  of  the  bands  at  0-500  cm  “ 1  and  1400-1800  cm-1  and 
a  deficiency  between  central  band  absorption  regions,  800-1200  cm- 1  and  1800- 
3300  cm'  '.  This  result  is  consistent  with  theoretical  requirements  and  is  a 
direct  consequence  of  the  formulation.  The  /  function  associated  with  the  line 
shape  for  self-broadened  water  vapor,  designated  /s,  is  shown  by  the  solid  curve 
in  Fig.  4.  The  functional  form  of  /  is  given  by: 

/  —  \  9 

l-(l-X')-  \v+v,\^2bcm  ~l 

X=  25  _  02) 

|  p+  v,  |  ^  25  cm  1 
X 

where  for  self-broadening  /s  is  obtained  by  setting / =/s  with: 

/s  =8.63  exp(  —  z\ )  +  (0.83z|  +0.03322)  exp{  —  \z2  | )  (13) 
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Fig.  4.  The  /  function  for  water  at  296  K.  The  solid  curve  is  for  self-broadening;  the  dashed  curve 
is  for  foreign-broadening. 

where  z^  =  (v+  v,)/400  and  z2=  (v±  vl)/2b0  at  296  K.  From  eq.  12  and  Fig.  4 
we  note  that  /  is  continuous  at  25  cm  -  \  but  that  the  first  derivative  is  discon¬ 
tinuous.  This  is  a  direct  consequence  of  the  choice  of  fc  (eq.  8)  but  causes  no 
particular  problems  in  the  formulation. 

The  self-continuum  for  water  vapor  demonstrates  a  rather  strong  tempera¬ 
ture-dependence,  particularly  in  the  1000  cm-1  window.  It  is  an  important 
shortcoming  of  the  current  state  of  line  shape  theory  for  molecular  collisions, 
that  the  temperature-dependence  of  the  far  wings,  or  alternatively  of  the  con¬ 
tinuum  in  the  window  regions,  is  not  explained.  Rosenkranz  (1985,  1987),  in 
two  particularly  interesting  papers,  has  proposed  an  alternative  formulation 
to  eqs.  1  and  3,  which  leads  to  a  strong  temperature-dependence  consistent 
with  observations  in  the  far-wing  regions.  This  proposed  formulation  warrants 
additional  scrutiny.  The  dimer  has  often  been  postulated  as  a  source  of  the 
continuum  absorption  primarily  as  a  consequence  of  its  simple  and  attractive 
temperature-dependence.  However,  the  absence  of  spectral  structure,  difficul¬ 
ties  in  explaining  spectral  pressure-dependence  and  the  fact  that  the  absorp¬ 
tion  in  the  windows  as  developed  in  this  paper  represents  an  excess  with  re¬ 
spect  to  the  impact  line  shape  are  in  direct  contradiction  with  the  dimer  theory. 
On  the  other  hand,  dimers  should  be  formed  under  atmospheric  conditions  so 
that  the  central  issue  becomes  the  question  of  dimer  lifetime  ( Suck  et  al.,  1979 ) . 

For  pragmatic  purposes  the  temperature-dependence  of  the  continuum  has 
been  treated  as  follows:  the  parameters  in  an  analytical /function  are  obtained 
by  least-squares  fitting  the  calculated  continuum  to  the  data  of  Burch  at  296 
K  and  338  K.  These  parameters  for  296  K  and  338  K  are  then  extrapolated  to 
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260  K  and  a  continuum  for  that  temperature  is  calculated.  This  is  potentially 
a  source  of  error;  however,  validations  for  atmospheric  measurements  have 
provided  remarkably  good  results.  Continua  for  338  K,  296  K  and  260  K  are 
shown. in  Fig.  5. 

An  analogous  treatment  is  performed  for  air-broadening  of  water  vapor,  re¬ 
ferred  to  as  foreign  broadening.  Fig.  6  shows  the  empirical  continuum,  C° ,  fit 
to  the  data  of  Burch  as  well  as  the  continuum  for  the  impact  approximation. 
For  the  foreign -broadened  case,  the  line  wings  decay  much  more  rapidly  as  a 
function  of  wavenumber  difference  from  line  center  than  for  the  self-broad¬ 
ened  case.  This  is  reflected  in  the  foreign  chi-function,  Xt  shown  by  the  dashed 
curve  in  Fig.  4.  For  the  foreign  continuum  Xt  obtained  by  setting  x  =x\  in 
eq.  12  with: 

/'f  =  6.65  exp(  —  2?)  (14) 

where  zx  =  (v  ±  f,)/75.  For  the  window  regions  of  the  foreign  continuum,  1000 
cm-1  and  2500  cm-1  in  Fig.  6,  an  absorption  coefficient  has  been  added  to  the 
continuum  resulting  from  the  present  formalism  in  order  to  attain  agreement 
with  atmospheric  measurements  (Roberts  et  al.,  1976).  The  contribution  of 
the  foreign  continuum  is  very  small  in  these  spectral  regions  making  the  mea¬ 
surements  particularly  difficult.  The  observed  effect  may  be  due  to  collision 


Fig.  5.  The  self-broadened  water  vapor  continuum  at  338  K,  296  K  and  260  K.  The  continua  at 
338  K  and  296  K  have  been  fit  to  data  and  the  260  K  continua  have  been  extrapolated. 
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Fig.  6.  The  continuum  for  foreign-broadened  water  vapor.  The  solid  curve  is  the  calculated  con¬ 
tinuum  with  the  x  function  adjusted  to  fit  the  experimental  data  of  Burch,  1981.  The  broadening 
pressure  is  1013  mb. 


induced  spectra  or  humidity-dependent  aerosols.  No  significant  temperature- 
dependence  has  been  observed  for  the  foreign  continuum. 

The  total  absorption  coefficient  due  to  self-  and  foreign-water- vapor  contin¬ 
uum,  kc(u),  is  given  by  the  relation: 

kc(v)  —  v  tanh (0v/2 )  \C0Mp0)  +  C0{(Pi/Po))  (15) 

It  is  an  important  point  that  for  atmospheric  conditions,  the  foreign  contin¬ 
uum  is  dominant  for  in-band  absorption  and  the  self  continuum  is  dominant 
for  the  out-of-band  absorption,  the  window  regions  of  water  vapor  spectrum. 

ATMOSPHERIC  VALIDATION 

The  most  important  element  in  the  development  of  an  atmospheric  trans¬ 
mittance/radiance  model  is  validation  with  atmospheric  data.  Since  the  at¬ 
mospheric  window  at  1000  cm-1  (10  //m)  is  of  such  importance,  we  consider 
that  spectral  region  in  more  detail.  The  continuum  currently  being  used  in 
FASCOD2  has  been  adjusted  to  fit  the  more  recent  measurements  at  1000  cm  - 1 
of  Burch  and  Alt,  1984  (Fig.  7).  In  Fig.  8  we  show  a  plot  of  the  optical  depth 
for  a  1-km  path  at  990  cm-1  as  a  function  of  water  vapor  density  from 
LOWTRAN7  (Kneizys  et  al.,  1988)  which  incorporates  this  continuum  de- 
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Fig.  7.  Details  of  the  self-broadened  continuum  at  1000  cm-1.  The  solid  line  is  the  calculated 
continuum  at  296  K.  The  data  for  284  K  and  296  K  are  from  Burch  and  Alt  ( 1984);  the  other  data 
are  from  Burch  ( 1981 ). 

velopment.  We  consider  two  sets  of  atmospheric  measurements:  one  from  the 
Air  Force  Wright  Aeronautical  Laboratories  (AFWAL)  taken  over  an  8-km 
path  and  for  a  range  of  visibilities  (Kneizys  et  al.,  1984)  and  the  other  from 
the  Technion  Institute  in  Israel  over  an  8.6-km  path  (Oppenheim  and  Lipson, 
1986).  Both  of  these  sets  of  measurements  were  taken  with  circular  variable 
Filter  (CVF)  spectrometers.  Since  the  atmospheric  measurements  include  ex¬ 
tinction  due  to  aerosol  effects,  the  calculated  optical  depths,  which  do  not  in¬ 
clude  aerosol  contributions,  are  less  than  those  for  the  atmospheric  measure¬ 
ments.  The  calculations  do  take  into  effect  the  contribution  from  other 
molecules  (intercept)  and  from  the  local  water  vapor  lines.  Spectral  validation 
of  the  continuum  model  with  the  Technion  measurements  for  the  8-12  micron 
window  is  shown  in  Fig.  9  and  for  the  3-5  micron  window  in  Fig.  10.  Of  partic¬ 
ular  note  is  the  excellent  agreement  between  calculation  and  observation  ob¬ 
tained  at  4.75  /an  and  3.2  /un.  These  two  regions  demonstrate  the  predictive 
capability  of  the  current  formulation  since  there  has  been  no  adjustment  with 
data  in  these  spectral  regions.  With  respect  to  the  continua  beyond  5000  cm-1, 
it  should  be  emphasized  that  the  calculations  are  essentially  qualitative  and 
unvalidated.  This  is  particularly  the  case  for  the  self-broadened  continuum, 
important  between  the  bands. 
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f  ig-  9.  Spectral  comparison  between  a  CVF  measurement  in  the  8-12  micron  window  over  a  8.637- 
km  path  by  Technion  (Oppenheim  and  Lipson,  1985)  and  a  LOWTRAN  calculation  with  the 
FASCOD2  continuum  (dotted  curve).  The  measurement  conditions:  T=  297.5  K,  P=  1008  mb., 
/f//  =  85%,  and  visibility  =  15  km. 
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Fig.  10.  Spectral  comparison  between  a  CVF  measurement  in  the  3-5  micron  window  over  a  10.37- 
km  path  by  Technion  (Oppenheim  and  Lipson,  1985)  and  a  LOWTRAN6  calculation  (dotted 
curve).  The  measurement  conditions:  T=  283  K,  P=  899  mb.,  RH=  68%  and  visibility  =  40  km. 

SUMMARY 

The  present  discussion  is  not  intended  as  a  comprehensive  review  of  the 
water  vapor  continuum  problem.  It  is  rather  a  description  of  a  specific  ap¬ 
proach  that  is  consistent  with  the  physics  of  the  problem  and  that  has  been 
constrained  to  provide  results  consistent  with  experimental  measurements. 
The  choice  of  measurements  used  for  this  discussion  has  been  highly  selective. 
This  is  related  to  a  need  for  internal  consistency  of  the  observations,  our  esti¬ 
mation  of  the  accuracy  of  the  measurements  and  a  treatment  of  the  data  that 
is  in  the  context  of  the  current  development.  The  present  status  should  be 
regarded  as  useful  if  not  definitive.  In  order  to  meet  current  objectives  in  at¬ 
mospheric  remote  sensing  and  related  phenomena,  more  observations  of  high 
accuracy  both  in  the  laboratory  and  in  the  atmosphere  are  required,  and  sig¬ 
nificant  advances  in  the  theoretical  treatment  of  the  effects  of  collision  on 
molecular  line  shape  need  to  be  achieved.  A  floppy  disk  containing  a  program 
to  calculate  continuum  absorption  coefficients  as  described  here  and  consis¬ 
tent  with  FASCOD2  and  LOWTRAN7  is  available  from  the  authors. 
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A  code  has  been  developed  to  perform  the  retrieval  of  atmospheric  state 
parameters  using  the  method  of  nonlinear  least  squares  in  conjunction  with  a 
program  to  compute  the  forward  problem  (Isaacs,  1988).  In  the  present 
study,  FASCODE  (Clough  et  al.,  1986)  has  been  utilized  for  the  forward  prob¬ 
lem;  other  algorithms  including  rapid,  algorithms  may  readily  be  accommo¬ 
dated.  The  method  has  been  applied  to  retrievals  of  temperature  profiles, 
surface  temperature  and  pressure,  water  vapor  profiles  and  other  constituent 
distributions  using  both  real  and  simulated  data.  The  method  is  applicable 
to  both  sequential  and  simultaneous  retrievals.  Either  of  two  approaches 
may  be  selected  for  performing  retrievals:  the  method  of  ridge  regression  or 
the  maximum  likelihood  method.  Our  implementation  of  the  latter  approach  is 
similar  to  that  discussed  by  Rodgers  (1976,  1987)  and  more  recently  by  Eyre 
(1989). 

Tne  problem  of  retrieving  atmospheric  state  parameters,  x,  is  posed  in 
terms  of  minimizing  the  square  of  the  differences  between  the  observations 
and  the  forward  model  F(x)  such  that  the  variance,  ,  given  by 

o2  -  E  W.  [R.  -  F.(x) ] 2  (1) 

i 

is  a  minimum.  W-  is  the  weight  for  the  i'th  observed  radiance,  R^ .  This 
approach  has  two  attractive  attributes:  (1)  an  extensive  body  of  work 

exists  on  methods  for  solving  the  problem  formulated  in  this  way  and  (2)  the 
final  solution  is  in  the  linear  regime  enabling  the  implementation  of  a 
comprehensive  error  analysis.  We  follow  the  customary  approach  to  the  solu- 
tion  of  this  problem  by  adding  a  penalty  function,  x  Fx,  to  a  obtaining 

a1  -  [R  -  F(x)]T  W  [R  -  F(x) ]  +  xTr  x  (2) 

For  the  maximum  likelihood  method  we  have 

r  =  S"1  (3) 

x 

with  Sx  the  error  covariance  of  the  first  guess  and 

W  -  SR*  (4) 

with  Sp  the  error  covariance  of  the  measurements.  For  the  ridge  regression 
approach,  T  is  given  by 
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where  7j  is  a  stability  (damping)  parameter.  In  this  approach  T  is  viewed 
as  constraining  the  direction  and  length  of  the  step  for  the  nonlinear  prob¬ 
lem  (Levenberg-Marquardt)  as  well  as  providing  a  procedure  to  treat  the  ill- 
posedness . 

The  retrieval  is  obtained  by  iterative  implementation  of  the  relation 
n+1  n  .„Tr„,  1  ,-T-,  n 

x  =  x  +(KWK+T)  KWr  (6) 

The  radiance  residuals,  r,  are  given  by 

r"  «  R  -  F  (x")  (7) 

with  x°  the  first  guess.  The  matrix  K  represents  the  Jacobian  of  the 
forward  model  with  respect  to  the  state  parameters,  obtained  in  our  case 
from  finite  forward  differences, 


» 


K 


F  (x°  +  Sx)  -  F(x°) 
Sx 


(8) 


The  derivatives  are  updated  as  infrequently  as  possible  as  a  consequence  of 
the  high  cost  of  the  forward  calculation.  In  the  cases  we  have  studied, 
convergence  has  been  achieved  in  two  or  three  iterations  without  derivative 
updates . 

For  the  analysis  of  the  error  we  follow  Rodgers  (1987), 

E  K*-Xr)  (*-*n)T  ]  -SN  +  SM  +  Sb  (9) 

where  represents  null  space  error,  measurement  error  and  model 

error.  In  the  present  analysis,  we  have  not  considered  the  important  prob¬ 
lem  of  model  error.  For  the  general  case  we  obtain  the  error  covariance  for 
the  state  parameters  from 

SN  -  H~ 1  [rsxr]  H_1  (10) 

and 

Su  -  H_1[KTW  Sn  WK]  H_1  (LL) 

n  R 

where 

H  -  (KTW  K  +  D  .  (12) 

For  the  maximum  likelihood  method  we  obtain  the  important  result,  applying 
Eq .  3  to  Eq.  10  and  Eq.  4  to  Eq .  11, 

E[(x  -  xn)(x  -  x°)  -  H  *  .  (13) 


) 
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We  have  applied  this  method  to  the  retrieval  of  an  ozone  profile  from 
data  taken  with  the  University  of  Wisconsin  High  Resolution  Interferometer 
Sounder  (HIS;  Smith  et  al.,  1983).  The  data  were  taken  with  the  NASA  ER2  at 
19.6  km  with  a  nadir  view.  The  measured  unappodized  radiance  spectrum  in 
equivalent  brightness  temperature  is  shown  in  Fig.  1A.  The  initial  guess  is 
obtained  from  the  U.S.  Standard  ozone  profile,  with  resulting  residuals  r° 
given  in  Fig.  IB.  The  retrieval  converges  after  two  iterations  providing 
the  radiance  residuals  in  Fig.  1C  and  the  retrieved  profile  given  in 
Table  1. 

A  second  application  to  be  discussed  is  a  temperature  retrieval  using 
simulated  radiances  for  an  extended  set  of  AMSU  channels.  The  simulated 
data  correspond  to  temperatures  associated  with  the  tropical  atmosphere  and 
the  initial  guess  is  taken  as  the  U.S.  Standard  Atmosphere.  Convergence  is 
achieved  in  two  iterations  for  this  near  linear  call.  As  an  example  of  the 
response  of  the  method  to  a  temperature  impulse,  we  have  added  a  3*  tempera¬ 
ture  increase  in  the  second  layer,  and  studied  the  response  of  the  retrieval 
procedure  to  the  impulse.  A  noise  analysis  using  the  maximum  likelihood 
approach  has  been  performed. 

This  research  has  been  supported  by  the  Geophysics  Laboratory  (AFSC)  under 
contract  F19628-87-C-0129 . 

Clough,  S.A.,  F.X.  Kneizys,  E.P.  Shettle  and  G.P.  Anderson,  1986: 
Atmospheric  Radiance  and  Transmittance :  FASC0D2 ,  Proc.  of  the  Sixth 

Conference  on  Atmospheric  Radiation,  Williamsburg,  VA,  141-144. 

Eyre,  J.R.,  1989:  Inversion  of  Cloudy  Satellite  Radiances  by  Nonlinear 

Optimal  Estimation.  I.  Theory  and  Simulation  for  TOVS . 

Isaacs,  R.G.,  1988:  Modeling  of  the  Atmosphere,  Proc.  of  SPIE  928,  136-164. 
Rodgers,  C.D.,  1976:  Retrieval  of  Atmospheric  Temperature  and  Composition 

from  Remote  Measurements  of  Thermal  Radiation,  Rev.  Geophys .  Space 
Physics,  14,  609-624. 

Rodgers,  C.D. ,  1987:  A  General  Error  Analysis  for  Profile  Retrieval, 

Advances  in  Remote  Sensing  Methods,  edited  by  A.  Deepak,  H.E.  Fleming 
and  J.S.  Theon,  A.  Deepak  Publishing  (1989),  285-297. 

Smith,  W.L,  H.E.  Revercomb,  H.B.  Howell,  and  H.M.  Woolf,  1983:  HIS  -  A 
Satellite  Instrument  to  Observe  Temperature  and  Moisture  Profiles  with 
High  Vertical  Resolution,  Proc.  of  the  Sixth  Conference  on  Atmospheric 
Radiation,  AMS,  Boston,  MA. 


Table  1 


layer  pressure 
(mb) 

x° 

mixing  ratio 
(PPMV) 

retrieved  change 
(%) 

error  (lo) 
mixing  ratio 
(%> 

64.5 

1.97 

-5.6 

2.5 

101.1 

1.17 

-20.7 

1.5 

182.0 

0.348 

-19.7 

2.5 

256.0 

0.188 

-1.8 

8 

299.9 

0.121 

0.2 

8 
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Fig.  1A.  Brightness  temperature  spectrum  from  HIS  (19.6  km  alt.,  nadir  view). 


Fig- 


'  '  '  '  “  . . 

IOOS  1015  1025  1035  1045  1055  1065  1075 

WAVENUMBER  (CM-!) 


IB.  Brightness  temperature  residuals  from  FASCODE  with  U.S.  Standard  ozone 
profile  (radiosonde  temperature  profile). 
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Fig.  1C.  Brightness  temperature  residuals  from  FASCODE  with  retrieved  ozone  profile 
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t  We  describe  the  comparison  of  radiance  calculations  using  the  accelerated  line 

by  line  code  FASCODE,  with  spectral  radiance  data  obtained  from  the  High- 
Resolution  Interferometer  Sounder  (HIS)  (Smith  et  al.,  1983)  and  from  the 
Stratospheric  Cryogenic  Interferometer  Balloon  Experiment  (SCRIBE)  (Murcray  et 
al.,  1984).  Evaluation  of  measurements  from  both  instruments  established  the 
necessity  for  proper  treatment  of  line  coupling  in  carbon  dioxide  and  an 
improvement  in  the  intensities  for  the  carbon  dioxide  transitions  relative  to 
the  1986  AFGL  data  base  values.  Some  HIS  ground  based  measurements  will  be 
presented  stressing  implications  for  the  water  vapor  continuum. 
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